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PREFACE l : d f>Ul(iIN.\l, MEMOIR/' 


Him ^ of tin xand^emploMM m the uuimtnituiv ot 

fla**<* has relied tin t:u t tii.it tin mrt *\ xeeptloiut qualities 
diVpftrcd 1>\ ill* 1 Im 4 '.(•tli* III an not tin n h tltl^r ihu to chemical 
p(?i^Mt«ition k but an tin oiitioii^ <d tin'll i *.»• t imncr.1 logical 
nature. and i v< 11 >d tin- *i/< and *lup* tin ;i * oiistitin lit gfauff 

* 0 • 

In*nearl^^UI kind* of ^as* then an retain ponuissthU irrv* 
gulaftti#* m U»th form and <*«»m[*^*»itn*n *d tin- raw niatenal* 
which Mow tin emplovmeift of a lu^j* r range than ha*I hitherto 
U’*m suspected A search in lonilitic* when (ila-n S«nd ha** l*ren 
nor ljud in the pu*t. and at other " lik* 1\ ’ place*. l^i*. thown that 
large supplies are available, and ha* given indnalion* ol diro tmni* 
in yhieh further search might l>* protitabh undertaken The 
search cannot U* regarded a* ipnto exhaustive indeid it is still 
l**mg prosecuted with vigour, hut it ha* Imi n thought !*••*{ not 
to delay publication. ly onler to set free as mkmi as jMissihle the data 
already collected 

This work embodies the practieal result* which flow from a* 
sane* of ftveatigations earned on Jn Dr Bosw* 11, with the support 
i»f the Imperial College from the beginning and of the Ministry of 
Munitions in its later stage* I^arge quantities of yiatenal have 
been accumulating sine# 11112. yvvrv hwalitv dewnlVd lias Wn 
personally studied by the Author, and with the # cxreption of 
certain Scottish and Irish sands received by favour of the Assistant 
(for Sqptland)4o the Director of #f M. Geological Survey, and of 
the Department of Agriculture fot Ireland -only samples eolleAcd 
b^himself have been subjected to analysis The chemnal analyses 
have been made, by kind permission of Professor Baker, in the 
Chemical DejArtinent of the College. They are tin* work of 
Dr. H. F. Harw<xxl and >Jr. A."A. Eldndge, wh^ liave devoted 
ouch though* and cajp to the method* eiflffloved. All the 
jMchamcal and micmcopic analyse** and ^other work have been 
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carried tyi in the laboratories of the (^logical Department? 
Ijjuch assistance in indexing^ind in the preparation of phoVlgrapHs 
lias b<Jn gijen by Mr. G. 8. ^wt>eting. 

• (Air hearty^tlifn?* fre tendered to lJtfny glass-it^nufa^urens 
and tjuarrj^owner** who have givefl tlj . Author evt*rv facility ^or 
bin work, and have freely discussed with him the* technique 
glass-making^nd the ecoffdmie factors t r>t the industry. W| arc 
also indebted for heln on till- cl iciipeal side, botl^ m the discifssion, 
of results and ^n the indieafjbn .of**promising*hiftj* of mpigp. 
to Professor Herlxjfrk. v JaekMoii. qf King''* Odltfpa London, and 
to Dr. WaUer^tohenlmin, F.HS. of. the National Pineal 
Laboratory. 

the study of sands and feinted sediments has Income a 
■Pfuitter pressing national iijijsVt.inee, and«us this is the first 
jjllFurk published on llritish#ivsouives of these matdKaj|, it has 
1 kh?ii thought well to go % little nucule the obvious scope of the 
Memoir in two directions 

(1) The projK-rties of sands are so \aried, and tin- iv<julaments 

of flic different industries so diverse, that tin- A*uthor 
has entered into some detail Isith on the Wt methods 
of imestigation and on the most convenient modes of 
expressing the results thus obtained 

(2) At the same time, the projierties of sands suitable for 

glass-making are in some cases identical with or allied 
to thtyc useful for refractory purposes, such as steel - 
moulding, fettling of furnaees, and tfye making of silica 
bricks. Reference has Wu made in passing to proper¬ 
ties of this nature, and tile applicability of t the same 
modes of enquiry lias Ifcen indicated. 

Jit should Ik‘ stated, however, that the sands actually described 
in Chapter >*1. are only a vert small fraction of the total number 
examined and analysed. Hosts of others have been “turned 
do^n,” either because they were wholly unsuitable or on account 
of the possession of properties^with whibh the manufacturer Has 
nofcso far been able to deal. 4* the chemistry of glass-making 
advances it is probable tlpt some of these disabilities may 4*** 
appear — indeed, some of them arc all but overcome— and then the 
large^amtfmt of apparently unproductive information obtained and 
filial by Dr. BAiwell will find ita*u»\ 

W & W. WAJT8, 

^mpmriml Co11«k« of Scieno* mad Twtoolm^. 

N o r m* b tr 1916. 
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^ imm In m> -,, Kui> ,. w nether a. 

rflamifacturera* A imeetigatur* tn the 4uthor'» •• Memoir on 
HntSK Keamirre* nf,S»nU -Uiuil.1.. fni-Ulns.-Hfcki.y," pnt.lished 
-v the Iin|»Tial College ;lt t|„. ^mtamv „f the Minintrr of 
Munition* of VW, render* !t ^luit th. mfonl&tfci 

.cciun*llated gjp to.lilli: .hnulihhc ^uj.j.l. iin nt.nl In that acuuinal_ 
ince* 


Xot only ha* *eareh tor Autable 'jfart/*aud* U'CII followed 
, U P' collateral cmjmru'H lime Um carried out, jairtifiilarly with 
rcfer(g*c to ilc| kimIs Unnng con»tituciit* cancnt^l t# the (Jlaa* 

' Indii*trv a* [Kitakh and alumina It i« U-hcved that the »urvcy of . 
Hritlab renounce* of gla**-*and 1 * now lairlt cxliaiifttivc, anti the 
Author liaa again made a jaunt of waiting “II the wnmea of aupply 
described* A more eomjdete account of enuhtal rock* and their 
poaaibihtiex i* now ftgwalied, together wtth a demolition of the 
American glaa*-sand» in more common uae, 

. • 

The work for the "Memoir received the active .ujijairt of the* 
Imperial Tlollege, the publication being ajtpmvcd anti it* coat 
guaranteed by the Ministry of Munition* The *uppleinentan' 
work detailed in the preaent puldication lia* Uen earned ^ut 
entirely under the auapften and jvitli the au|i|*irt of flic Ministry, 
the College netting free aa^ara* jnntrible the nervine* yi tlie Author, 
»jd finding, aa before, jll nece-wary laboratory facilitiea in the 
UeologicaJ Deplrtiuent. 


„W. W. WATTS 

Itapanal CoUa»« at Utoasos tad Taehnoiofr. 
SottmUr 11)17. 
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Ah the respective Prefaces'to the OriginqJ Memoir and'Supplemehl* 

indicate, the g*eate^ portion ’<£ ^jie^information^iacludeA in 

volume has been t^t^ubjeet-master of two eajfii%r publications 

It appeared imperative that such information should b<* put 

forward as it became available. But the appreciation of the earlier 

menhirs by those caimected* with the industries concerned has* 

been such as to result in the exhtystion of the iirst issue* and to 

neeeisitate a secotfll edition. 

* 

In this volume the original amt supplementary publications 
have been combined. A few portions have been re-written %nd 
further information appended, including additional analyses. 
Repetition has been avoided as far as possible, but the stress of 
the times and the need for rapid re-issue has prevented as exhaustive 
a scrutiny as might have been desirable. The Author therefore 
begs the reader’s indulgence in this respect. 

The Department of Optical Munitions and Glass*ware Supply 
of the Ministry of Munitions of War has, by its energetic and 
, prescient measures, done much to place the Glass-making Industry 
of the United Kingdom on a sound basis. The scope of manufacture 
has been enlarged and the quality of the products much improved 
by the co-operation of min of business with men of pure science. 
The linking »bf scientific with industrial elements, to their mutual 
benefit and for the good of the Country, both under the conditions 
of actual warfare and of the trade-revival which will follow the 
War, is in no small measure d^e to the *far-seeing policy of tfle 
Controller of this Department, 4- S. Esslemont, Esq., C.B.Jc., who 
has granted every facility* 1x> the Author and freely rendered hjpi 
every possible assistance. 

Tift Author ^desires to record his indebtedness, in general to the 
QrTbas-manuiacturers, and in particular to Prof^sor Sir Herbert 
dackaon, f&r the help which has arisen out of many 

Vmta and discussions. Thanks are again due to' Dr. H. F. Harwood 
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’arid Mr A. A. Eldridge, of the Chemical Department of the Injjfe’rijri . 
Collfce,‘who have carried out nearly a hundred complete chemical 
anal^s and over seventy partial analyst pifreiy*for this wfirk..' 
•^bout on£ hundred and s£\*nty mechanical analyses ami almost as 
man?* mineral** analyses Have also been made by’the *Author in 
r conn%xion with the investigatXm. Mr W. B. Wright,Jl.A., F.G.S., 
,oftha Geological Survey of Ireland, kindly adds a note on some of 
the Irish supped!;* of fel spa • ofh mu n ica ted ftv pesmission of the 
director. Assistance has at all fimes beap-^freely rendered bv 
Dr. E. S. Turner, M.Sc. and Mr. .J. H. J^avidson, M.Sc., 
gf ihe newly-created Department of Glass Technology in the 
TJnive*rsity of*Sheffield. Prof. (►. (l.Tlullis, ti.Sc , of the Imperil 
College,* has kinclly read the proofs and offered many useful 
snggesfions. The Author isaftlso indebted t(*»MT. G. S.oweefcing, 
who his devoted much time and troubR* to checking proofs, and to 

assisting Vitli the photomicrographs an<? index. 

• 

* At the time of the publication of the original “ Mem(*ra new 
organisation, the Society of Glass Technology, had* just been in¬ 
augurated. The valuable papers in the Journal of the Society 
demonstrate the need which existed for such a Body, and arc 
indicative of the interest now being taken in scientific and technical 
questions relating to glass-manufacture. The work of Mr. C. J. 
Peddle, M.Sc.,' Chemisf to Messrs. Wood Bros. o£ Barnsley, calls 
for special note frqpi the geological point of view', in that he has i 
shown the possibility of using in the Works even second-grade 
British salfts for making the be%t qualities, not excepting even 
the optical varieties, of glass. 

Finally, the Author gladly takes this opportunity flf expressing 
his indebtedness to Professor Watts for reading the manuscript and 
'proofs, both of this and the first edition. The work flas benefited 
grmtly by the valuable s«ggestions # which have been the outcome 
of Professor Watts’ success in popularizing geology by teach^g 
an^ writing, and in promoting the application of geological science 
to 'industry. The plan of the original Memoir was also due in 
no small measure to the assistance freely and continually ^iven 
by his one-time teacher of geolog\ r » 


March 1918 
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•fHjfl'TER I. 

iNTEODUtjTOKr: UsesT>f Sands. 

,„„. v mfiierarresourtt* 9f Britain norffe anymore abundant 
%>r*?nore variei? in quality and *usW than sands. Their utility, in 
the national erfmomj of this country at lea#l,»has never been fully 
appreciated. Yet tlpp agriculturist, the builder, the. glass-maker, 
•the metal-founder, and even the housewife, all turn in their need 
*to th? natursft sand-resources oi tlie Country % ,• m 

To the man in'Hie street to-day the differences between one sand 
and another iye neither strikingfior important. # This attftude has, 
of course, not been shared by those who are concerned with th? use 
of sands fn industry, hut it is noteworthy that little or no systematic 
investigation of the special properties of*British sands of commercial 
valffe has hitherto been attempted. 

In qjany industries the best sand available for the purpose has 
been found by a lengthy process of trial and error, Wit the reasons 
for its suitability or the reverse have rarely been systematically 
lookwl into. The inevitable result is that when material of value 
for some specihc purpose is no longer available serious delay and 
inconvenience are caused. Especially has this been the case in 
glass-manufacture and in the casting of particular steels, for which 
the most suitable matWials in use up to the present were said to be 
certain foreign sands with properties peculiar to themselves. The 
restriction or stoppage of such imported supplies in war-time, owingy 
to shortage of ships and labour, has set on foot enquiries as to 
whether suitable sands occur in Biltain, and, if so. whether they can 
be profitably worked. 

Such an enquiry necessitates not only a thorough knowledge gt 
the sands themselves, thair mode of occurrence and pihperties, but 
an investigation into the # materials previously in use in each 
• industry, and an attempt to ascertain the reasons foMheir special 
suitability. Why, for e^imple, should one moulding-sand “ bum 
on*” to ^he steel poured into a moild and another yield a clean 
smooth easting; or one sand produce a clear, sparkling, w&te 
gkss, fit for table-ware or for optical instruments, and another 
only a poor green bottle-glass,? * 

All sands consist, in the main, of silica in the form ^f broken 
grains df crystalline quartz associated with various f<JHns*and 
proportions of impurities, partly* impregnating or coating the 
quartz, and paijl^in the form of grain* or dus£«of other ingre¬ 
dients. When sand is used as a source of silica, as in glass-making, 
the most obvious requirement is that it.should be as pure as 
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possible and especially free from ingredient^ which would dfmimslc 
the jifility or beauty of the finished product. For other purposes, 
•however, the “impurities” themselves may give the sand it?special 
yafr*e.‘ In certain industries the hardness and shape of the g/«ii;s 
jire mote esserCialrtlum <tW composition, a^id the difference between 
“angular” and “rounded” grains beeches an important matter. 
Again, the size, of the individual grains, and more paftitfufdVly 
the relative proportions of material < f different sizes in a sample, 
has sometimpi a bearing on the use of ^md: this is spoken o-* as 
the “ grading ” or “ gradeof the sand. r ' , 

In a material usl-d in such laf^d {quantities <is sand, supplies 
must be cheap. This means 'that the sand mip<t he abundant,' 
loose, or at least eftsiVy disintegrated, and eheaph worked; that 
seams or beds must run very evenly in manure and composition, 
and must be cleanly marked off from other seams or materials; 
aJwVe all, that the nyrket nhist be easily accessible and carriage 
inexpensive and convenient. ’ 

The term “ sand ” to the geologist .connotes a limited range of 
chemical and mineral composition, and a definite grade The term 
'is generally extended to include other minerals than quartz, and is 
psed in commerce for material of varying grades irrespective of 
composition or angularity. It is also applied to consolidated 
sandstones• and even to hard siliceous rocks which hav** been 
crashed for commercial purposes. In this Memoir the most ex¬ 
tended commercial application of the term will be taken. 


Somr Zhrs of Santis. 

Before passing on to discuss the special properties which it is 
desirable for glass-sands to possess, it will be well to consider 
briefly bow desiderata vary in different industries and applications. 
r Sands bearing minerals of the rare earths fcuch as monazite, 
xenotime, thorianite, zircon, etc., are worked for the elements 
yttrium, zirconium, cerium, thorfum, lanthanum, and others, which 
are used in the manufacture of incandescent mantles and filaments 
and for refractory paints. Those hearing gems, gold, platinum, 
cassiterite, and wolfram are similarly worked for the precious 
materials they contain. 

Shore-sands, and others such as the East Anglian “ Crags,” rich 
in shell-fragments, form an admirable dressing for the land on 
account of the lime that they yield ; this ingredient promotes 
drainage by flocculating the clay of the soil, and helps the plant 
by neutralizing the organic acids naturally produced. The valine 
of such shell-sands is enhanced when they occur near to agri¬ 
cultural country and lime has to he imported from a distance. 
It is^ desirable that all coastal deposits should be investigated in 
this connexion. Even if the sands are not calcareous they render 
heavy clay soils lighter and more open, breaking $iem U P by the 
admixture of coarser grade material, and making the land warmer, 
more permeable to air,< gases, and water, more easily drained, and 
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more amenable to wording. Here grade, as well as composition, 
is an important factor. 

f ^be j* Greensands,” so-called because tliey arc coloured by -the 
miimral gfcmconittf wh^h^they contain in fyiai?tity\Vi.ve long keen/ 
,used as feifihzers. The# deports of ccupomie inqiortynce ii) the 
l T n«tecl Kingdom are of ^vtaeemis and Kocene age. ^Glauconite 
is a silicate of iron, aluminium, and potassium ; it decomposes 
muck more readily tlun other potash-baring silicates such as the 
felspiw’s, orthocla.se and microelmc, and fhus liberates the valuable 
"plant-fowl, potash* Some gt^ciKmds are of tuldifcional value on 
#c«5unt of theft - carrying ealemfti jitoosphatc, an ingredient also of 
importance in i^ieniture Glaifronitie sand?have also been used 
for softening water 

The use of sand for anraMU* purpose depends on the hardness 
And tfluglmess of its eonstitumV. aiffl on th^ “ sharpness' 
grains Quart/ i**imt nnh hard, bill, as it has no eleavage, it 
breaks # irrcgulnrl\ gud does mft easih comminute umlfr wear. 
Jt is employed for grinding maible ;nid other stone, plate-glass, 
and metil. It is also used for arming stone-saws, and in the 
sand-blast applied to glass-cutting amt etching, the cleaning of^ 
easttigs, and innumerable other mdustnal processes. In this work 
,it soon loses its “ sharpness' and requires fiequent renewal In 
the ohf da\s the housewife used a cheap, line, shflrp sand for 
^scouring purposes, now she bu\s seourmg-soaj) consisting largely 
of similar fine angular sand hound together with clay, soap, and 
gum * “ Siher-sind " is a term used fora, fairly jmic line white 

sand, used mainly for scouring and for lightening soil Samples 
sold bt hardware dealers in London appear, From their mineral 
composition, to come fiUm the Lower Greensand. 

Large quantities of sand are now consumed m the soap-induslry 
for the making of Sodium silicate, which is a constituent of some * 
of the commoner soaps. Not onh have pure quartzites and vein- 
quartz beeifcruslicd to yield “ sands ’ for abrasive and other soaps, 
hut also the relatively impure Glacial sands of Lancashire have 
been pressed into service on account of their proximity to th§ 
scat of the manufacture, •h’odmm silicate (“ water-gl«l%s “) is also 
manufactured for preservative purposes. 

t In the manufacture of the artificial abrasive, carborundum 
(silicon carbide), sand awj coke are heated together m an electric 
furflace. Carborundum is also use$ in refractory bricks, as a 
source of silicon in steel-making, and for certain chemical purposes 
where its reducing projierties are of great vilue. 

floselv allied to ahi*asives ay? friction^ands such as those used 
to increase the grip of wheels on metal rails. These saryis must 
be not owiy harfi, tough, and angular, but also dry find ftf eten 
grade so as*to slip freely down the feeding-funnel. Similar sands* 
which are better i# not angular, are us#d in Iwttr-glasses and 

* By an order of the German Government in A#g. 1916, the uae of sand 
instead & s o$p for scouring purposes was made compulsory. 

B 2 
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egg-timers. A well-known geologist, when faced with the enquiry a% 
the geological age anil characters possessed by these sands, gravely 
avoided th! iss'ue by pointing out that it was not the cystom of 
geologists to yjreasiire time with hour-glass^! . o',' 

' The'pracfice cit sanding floors has alirtofct diet! output the use 
of winds for road surfaces and for piiaking road majerii^s is 
increasing rapidly. Angular sands, free from clay,-are utilised in 
the asphalt industry, tin mixture f >f sand and pitch beiijg of 
considerable' value for road-dressing, fl’he sands utilized art-, as 
tar as possible^ j5f .local origin iJLpye} Gnrenaapds from Surrey* 
and Bedfordshire, and Coralliigi sand'froni Oxfordshire, have hjjen 
exploited for this ])yKgose, , . 

Considerable quantities of sand arc- worked for building-purposes. 
Most sands are suitable for mixing witlf lithe and water to make 
mortar, and usually each district is able to satisfy its own deipands* 
{Shore-sands are, hovCever, avoided on aceount ^uf the tendency of 
mortar myde from them to “.sweat" owing to the thin • lilms of 
deliquescent seatiaks having 1 icon left as a cdating'on tin'grains 
when the sea-water evapofatesa) These salts are lubug^it 'to the 
surface by percolating wafer, and left on evaporation. ,A similar 
'effect is observed in the complete breaking up of Chalk fossils 
collected from spray-beaten cliffs, unless they have been well soaked 
in freshwater before storing. Building-sands should Unfairly 
angular and not too fine, in order that their grip on the calcareous 
matrix may be strong, the mortar becoming truly a miniature 
concrete. Sands used with Portland cement ought not to hi' 
rounded in grain and should previously be washed to ensure 
cleanness of surface. 

The clays worked for brick-making are-often stiff deposits of 
almost pure clay. As such they can only be used for making flat 
. tiles and pipes where great strength and adhesion are required. To 
reduce shrinkage and cracking during the drying #nd firing of 
bricks, sand is added to the clay and thoroughly mixed, with it. A 
porous brick of good shape and soundness results. Here, again, the 
grade-composition is a lfading factor. Many of the so-called clays 
in the geological formations of Britaiy are not true clays, but 
contain already a variable admixture ot sand and are thus really 
loams. Tht Glacial brick-earths, the* Keuper “ Marls," and the 
London “Clay” are deposits of this character largely employed 
for brick-niaking. 

.Parting-sands, which are usually dry, sharp, fine, quartzose 
sands, are used in metal-casting and in the manufacture of bricks 
and pottery. In the casa of brick - and tile-making, the sand used 
to “dust'”'the mould exercises considerable influence on the texture 
an4colsur (due usually to oxides of iron) of the surface of the 
article. Tlid ability to withstand weathering and the (esthetic 
value thus depend in pajt upon the <sand. Thg use of sand, as a 
substitute for flint c when the latter is not procurable in the 
making of glaze, has not found nroch favour in the Potteries. 
Sand is used for repairing and lining kilns or “oven»” %nd for 
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dusting the floors, fn metal-casting, “burnt” moulding-sand 
from near the surface of previously "made castings is^ fre<jufe'n^ly.. 
unsuccessfully used as a parting-sajjd. 

In conffexion With Water-supply, sand's*arecfpisiderabie. nti- • 
portance foP purposes of Jiltration. In <^der that there may De a* 
largt projx)rtion of internee between the grains, thejjand should 
be fairly coarse and its graii^ preferably rounded,* with as large as 
posable a {x»rcentage of grams belonging to one grade. * Thus the 
sand *.hould*be free from £lav, and of course from organic matter, 
while the absen&wbf lime is additional ad vat ita^*. 

' •Before the introduction of bK>ttiug paper sand was of service as 
mi absorbent filKuiperfluoiis uritfng-ink. said to be similarly 
utilised in modern industrial practice as an absorbent for explosives 
of*the nitro-glyecrmclype, in substitution for such natural siliceous 
■earths as diatomite and kieselglihr. • • 

§Th«^ most important coiimugvia] uses sand, namely, IhoSb 
eonneqfed with the property of l%fractoriness to high temperatures, 
have J>een l^rl until the lasf. Silica, of wliicti quartz is the Pom- 
monest crystalline form (though other lillotropie modifications such 1 
as tridyftiite and cristohalite fxist), hasPto he raised to a very high 
teiifperature (1 (>50° Centigrade) before effective fusion takes placed 
Quartzose sands and sandstones bearing a high percentage of silica 
and rto fluxes such as alkalies or alkaline earths ar% therefore in 
great demand for the floors, sides, and roofs of kilns and furnaces, 
and J:'or the bottoms of soaking-pits. Sands of corresponding 
•composition are also required for fettling furnaces (that is, re¬ 
coating w^tli silica the baths which hold the molten metal), making 
crueifiles and fire-bricks, and other similar purposes. 

“ Silica-bricks,” used so largely for furnace-work, gas-ovens, and 
similar purposes where very high temperatures must be successfully 
withstood, *tre made from refractory sands. No lime or otheii 
alkaline earths, no alkalies, and very little, if any iron, should be 
present. ^Highly quartzose sands are therefore required, and a 
great advantage accrues if such sands possess a “ Ixmd ” which if 
itself refractory. As examples may be (footed the kaolin-bearing 
whitish sands of Devoid and Cornwall, associated wijh kaolinized 
granite, and the similar deposits of the Mountain Limestone district 
of Derbyshire and Staffordshire. 

Included in the subject of refractories comes the wide and 
■dflficulj problem of moufding-sandsl These vary according to the 
metal which is being cast, the shape of the mould, and their position 
with respect to the metal. Thus there ate facing- and core-sandft 
iS addition to ordinary moulding-sand,%nd the range in composi¬ 
tion is from true sands almost entirely composed of quartz to loams 
■containing na ’small proportion of clayey bond. The problem of 
moulding-sands is too large and controversial to be entered uppn 
here, and demands a mein(fir to itself.but a fe#' points may be 

§ Sections marked thus deal with sands and sacks which are also of value 
» Kffrac&ry purposes. 
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emphasized. Diffiiulties rarely arise as a ftsult of the sand alone 
ia the casting 'of iron, brass, bronze, or other alloys, where the 
'fempe^tur* reached by the ryolten metal does not exceed l^pO 0 
.Centigrade? Jfc sand i* however, perfectly refractoryrfo'r steel- 
eastfiig; and the sdrface! gf the mould maj Ra ve their qifertz melted 
or recrystalhzed as the mineral tridvinfe (conversiop temperature 
about 800° to 1350° C. according to the time occupied). To obtain 
a very refractory sand, high silica-jfcrcentage is demanded, «and 
the absence <*>f lime, magnesia, and tlifc alkalies essential. , Tor 
high-temperature castings ordinal?' fjp/ must not be present, as 
it fuses too readily. Kaolin i% a very refractory clfty, but, unfor¬ 
tunately, it does noJ;,<Jike most ordinary clays, became sufficiently 
plastic with water to bind the sand well. A binder, either natural 
such as clay, or artiHcial, such as oil, glutSn, flour, dextrin, treacle, 
etc. v must be present in, or be added to, the sand to bind it together 
afld insure its standing up firmly in the required shape. At the 
same time the mould, and particularly the core, must be A 'open, 1 ' 
thatris, suAieientlT permeable to permit the passage ^ liquids and 
gases when the hot metal* is poured into the mould* *lt is 
therefore desirable that moulding-sand should contain®a good 
proportion of the medium-grade sand, probably round or subangrlar 
grains being best. It should also contain a proportion of a 
refractory clay to act as a bond, whether or not additional tending 
material is to be added. The intermediate grades of fine sand and 
silt are of no value—in fact, they are rather detrimental. ^The 
material known to geologists as a clayey or loamy sand most 
nearly approaches what is required. In addition to refractoriness 
and suitable mechanical composition and shape of grain, mouMing- 
sands should possess the power of taking water to the extent 
of at least 4 to 5 per cent, of their own weight (some take 
f up as much as 10 or 11 percent.), making wliyn moist a strong 
• “ hind.” For most purposes they should not become “ dpad " 
or dehydrated quickly or entirely after casting. A P quantity 
of fresh sand has always to he added to keep them “ alive.” 
Certain other less important conditions must also be satisfied. 
Reference fxt the grading of moulding-synds is made again later 
(see page 2$ and Figs. 6 & 7). 

The imporjance of obtaining suitable sands for the making of 
glass, and the conditions which such sands must satisfy, are con¬ 
sidered in Chapter V. Wheipas the chemical composition of‘a 
sand for many of the purposes fyitherfco mentioned is not tHe most 
important factor, it risesdn the case of glass-making to a position 
of prime consequence; the*mechanical composition is also of gre$t 
importance, and other features, though far from negligible, sink 
into | miifor position. Thus glass-sands are by no mpans ^ie most 
interesting types to a geologist, the criteria being simple and for 
the most part eagy of investigation. * « 

For obvious reasons, f the following descriptions aftd analyses of 
British sands suitable for •glass-makfrig will also be of use tt* 
those who urgently require such sands high in silica-content <(and 



lEFBACTOEY SANDS. 


therefore highly refractory) in other industries, tor example, ifi the 

• manufacture of silica-bricks, for dry-sand steel-moulding, fettling' 
fmfeces, soaking-pits, erueible-makitig, ejp. 

In thenmking'of w*iie bricks, pure sa»ds iow m •iron-coircenn 
’ frequently nave to be transported considerable distances, when 
local .Sands bearing iron-impounds “burn up red.” • The sands 
and fuel (of which only a ^mall supply is required) are in this 
case?carried to the clay, bijt in the glass-industry, sa%»ds and other 
,chemicals necessary fqr th% manufacture are generally carried to the 
fuej, as*is ofteg*the case witfi^raw materials in*oth#r industries. 

* *lt is unnecessary to say more*upon other uses of sands to 
justify the claifn that the sand-resources of life country should be 
exhaustively investigated^ In conclusion, it may be* pointed out 
•that just as “ flint-glass ” is not now made from flint but from 
*sand alone, so “sand-pajier” i* oft*n not ^ade from sand»*bnt 
frmn rwwderpd 
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CHAPTER ft. 

§ The Natuhe of JIands. 

Forma tion ff thuds. —Sands* aajd * similar', deposits . are the 
result of the gradual breakir^r down of rocks. The sun’s fteai, 
frost, rain, and gravity are amoflg the geologieifltagencies which 
are chiefly engaged in this work of disintegration and attrition. 
Fragments of rock, in their continual movement to lower levels* 
are* Reduced in size^>y wear* 1 and, tear, and broken'up into their 
constituent mineral grains. Chemical, as well ar*meehanical, action 
assists if, „this work. The more Easily decomposable minqyals rot 
a wav, and the moif* obstinate are loosened from oinyanother. In 
.the decay of minerals the more soluble salts are carried off in 
solution, while the less Soluble yiT'ld fine clayey or fuieaceous 
’material which may be carried in suspension for long distances** 

The disintegration of rooks thus results in the production of. 
simple individual mineral grains varying considerably ill size. 
This material is carried downwards towards the sea, and collected! 
at lower levels. In transit it is winnowed by wind and washed by 
water. Most sands and related sediments are either dejxisited in 
water or have 1 wen washed down and assorted by water at some 
time in their history. The sorting is controlled by the size and 
weight of the grains, coarser grains and* denser minerals being 
dropped down near to the source of supply. This sorting is never 
t perfect, and it is not usual to find in geological strata a deposit 
made up entirely of material of one size. Nor even do we find, 
with very rare exceptions, that one grade—sand, silf, or clay— 
makes up the whole of a single bed. The manner of transport 
i^id deposition leads in* any one deposit to a mixture of grades 
which may t fee valuable or inimical from r commercial standpoint. 

A tendency generally exists for the collection in basins of 
deposit of material which has been brought from many different 
sources. Working against this tendency towards the production of 
rocks of mixed grades we hlive the selective transport and depo¬ 
sition due to currents of air and water. Heavier and larger fragments 
“are dropped first, finer* ones are earned farther, and the finest 
frequently travel long dStances before the velocity of the stream 
is so faj reduced that they come to rest. A fairly complete 
natural 'grouping therefore takes place, gravel, sartd, siltpand mud 
being found at successively greater distances from their place of 
origin. But tfcifi grading by water'or air is toot a perfect one; 
the manner of transport varies accordingly as the small particles 

O • 0 

, § Sections marked thuideal with sands and rocks which are $Jso of value 

lor refractory purposes, < 
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are held in suspension, rolled along the bottom, or carried- forward 
.by leaps (saltation), and the final deposition depends,upo* loo&l 
v$i#*tiojt of direction and velocity oft the currents, eddies, etc., and 
upon the fh^cipitrting^qjver of dissolved fiilts? # % . • 

• Sudden arrest of material gear to its*source, especially where 

Mts* b£en brought dowl by torrent-action, results*in deposits 

consisting of about equal proportions of coarse and fine grades; 
' thejfiuay be termed “ lion-graded ” (see f’ig N and para 32) Such 
► % a ease is exemplified bv may v of the Cretifceous and Tertiary deposits 
around *the PaHmoor andl€(ffnish granite^nasses. Torrential 
%tfi?ams of waft*$ |>ouml down flu* Slopes and ravines in past ages, 
lulling pebbles^ilul boulders of granite and ifluestone, fully charged 
with •grains of quart#, felspar. tourmaline, etc., and* milky-white 
•with china-clay from the decomposed felspar of the granite. The 
•sudden checking of their velocity wlifn they inched the still \yitqgs 
of the lykes, the ffifrgor sluggish fivers, or the lower ground, caused 
the bulk of the traasjjortod material to be tbroxyi dowsliiggledy- 
pigglqf.lv, alb grades mixed, frequently ^is an afluvial fan. 

On tht other band, the continual sorting of sediments along the 
shore bv*the action of waves and winds h&s resulted in the eliminatioy 
frofii shore- and dune-sands of both very coarse and fine material 

• The clyy and silt particles are carried far away by wiixLand water, 
and flic coarse sand and gravel left alone; thus flic percentage 

• of medium-sized sand rises very high, and the deposit is almost 
perfectly graded. 

Composition of Sands. —Usually each grain of sand is an indi¬ 
vidual mineral fragment contributed bv the parent rocks whicl 
have undergone denudation. While sands are frequently made u] 
of a large variety of different minerals, quartz and. to a less extent, 
felspar usually constitute more than nine-tenths of their bulk 
The chemjgal composition of the constituent minerals, their prone¬ 
ness to decay, and the compounds resulting from their partia 
or complete decomposition, are all important factors when th( 
commercial use of the sand is under consideration. #• 

While the grading of sftnds and the sorting of minerals according 
to density are never perfect, a strong tendency exists toward* 
simplification, which is helped by the proneness to tleeay of the 
legs stable minerals. By* repeated geological action, sorting agair 
and again, very pure and well-graaed sands come to be formed 
and it is noteworthy that all the best glass-sands occur in the ktej 
geological formations. On the other h^iul, the ancient Ordoviciai 
and Silurian ‘'sand*?” are usually ill-sorted and very variable ir 
composition. # 

Asa ftde, s!tnds contain only a small proportion of the mineral* 
known as the heavy miners, which possess a density greate: 
than 2’8. Thgsef like quartz, have proved themdllves sufficiently 
stable to withstand decomppsition, agd thfir presence is often a 
usefql ii^lieation of the source of the sandy material. Most of 
the common rock-forming minerals occur » sediments in more 0 ] 
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less telartive abundance. In ordinary sands the proportion of 
..heavyjrnnerals varies from 0^)2 per cent., or even less, to 4 or 5 per. 
cent, 'by weight (the latter quantity in sands of tine or Sujxfctine 
graje only).. 

The minerals composing sands njay berdivided into^wo groups :• 
the allothigenous or detrital minerals,! derived from older' if<t*ks, 
and the authigenous minerals, which were formecf at the time 
the sands w^re de])osited f or at som^ later date. We are mainly 
concerned with the allotlfigenous minerals. Some of the heavv # 
detrital minerals are^ftxod cheiwica^ expounds, o'tshbrs are molecular 
mixtures which vary somewhat^n flieir com]K)sitio^if the colour 
optical properties ulftnging synfyathetieallv wifll the chemicftl 
constitution* In the latter group are the; pyroxenes (augite,<vtc.), 
amphiboles (hornblende, etc.), olivines, epidotes, etc. •• <• 

The chief heavy nijjieraIs oA'urring in sands are tin* following:-- 

Oxides^ Anatase, brookite, rutile (¥iO,). 

Catsitent(^(S«iOj), corundum (A'ljO,) , hematite (SVO,),’limonite 
(2Fe_,0,. 3H y O); magrytite (Fe,0,), spinel (oxides^of Fe,«0r, Mg, 
Al, etc..); titanoferrite or ihnemte (FeTiO,). wolfram (Fdfctn)WO.. 

e * * 

Silicates Andaliihite (silicate of Al) , augito (metasilicate of Al* Fe, 
Mg, Ca. Na, etc.) ; biotite (silicate of Al, H. K, Fe, Mg), enstatito 
(MgSip.), epidote (hydrated silicate of Ca, Al, Fe), garnet*(silicate 
of Mg, Ca. Mn. and Fe, Cr, Al). glauconite (silicate of K, AV Fe) , 
hornblende (inetasihcate of Al, Fe, Mg, Ca, Na, etc.); hypersthene 
(MgFe)SiO,. kyanite (silicate of Al). muscovite (silicate of H, K, 
Al), olivine (ortliosilicate of Mg, Fe), sillimanite (silicate of Al); 
sphene (CaTiSiO-). staurolite (silicate of Fe, Mg, Al); topaz (fluo* 
silicate of Al), tourmaline (boro-silicate of Al), zircon^ZrSi^),). 

Other compounds Apatite (calcium phosphate with calcium fluoride or 
chloride), calcite (CaC0 4 ) ; monazite (phosphate of Ce, La, etc.); 
pyrite (FeSJ. pyrrhotite (approximately FeS). 

« 

Where older sediments have been broken down to,make new 
rocks, only the most obstinate detrital minerals, such as iron ores 
(including particularly jlmenite), rutile, zircon, tourmaline and 
others, survive, and the proportion by weiglit is low. When 
crystalline ivfbks of igneous and metanrorphic origin are subjected 
to denudation, they yield a rich and hjghlr varied assemblage of 
minerals. R is noteworthy that most of the heavy minerals * 
occurring in sediments are of metamorphic origin; as examples 
may be quoted, spinels, garnVts, rutile, tourmaline, stgurolfte, 
amRlusite, sillimanite, sphene, epidote, muscovite, biotite, chlorite, 
kyanite, and amphiboles ^including common hornblende, glau<jp- 
]>hane, actinolite, etc.). Igneous .rocks appear to provide an 
assemblage of minerals more liable to decomposition. However, 
thosa. derived from an area, of pueumatolysis are fairly st&'ble, and 
include garnets, cassiterite, tSurmaline, topaz, andalusite, etc. 
Minerals derived .from other igneous rocks incKldq zircon, rutile, 
anatase, apatite, brookite, white and dark micas, hornblende, and, 
less commonly, augite, .ipgether with a few'others. t ° 

The mineral constitution of a sediment varies not onl/with the 
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parent rocks laid undef contribution, but with its distance from 
the source of origin, the grade, and the conditions of deposition'*.. 
Unless focal concentration is produced by wind- or stngun-aatipn, 
or* by the-oscillatory eftect of currents. pflqjprfjpn by weight' 

the heavA*rop will teruj to decrease the farther we go afield, and * 
the *nrietf will be reduced at minerals prone to decay are eliminated. 
The exact connexion bet weep mineral composition and grade is 
not #et thoroughly understood ; it is flndoubtedly g close one. 
During the •process of deposition, other minerals maV he formed 
through,organic*qgeifhy, an^igbtluiin being ^lauyonite, ealeium 
phtttphatc. limoliite. secondary sdieasetc. 

• Finally, we #i*\e those minemls (authig/i*ms) which develop 
subsequently in sedimentary deposits ns a result of ^Iteration of 
yth^r minemls; a few such are iron oxides, secondary silica, 
kuieoxfiie, amwtase, chlorite, etc., * * 

If the hea\y minerals are pr%.ent in quantity in a sand fhey* 
affect its chemical constitution vft-y considerably. Ahinyua might 
he expected to he abundant" in a heaw residfle. and it is note¬ 
worthy’tfcat lime is usually low, the fime-hearing minerals, with 
the exeejftion of some hornbl? i nde, pyroxene, epidoic, etc., tending 
to decompose. In sands subjected repeatedly to the action of 
•geological agencies, the latter group of silicates first disappears, 
then t»l?e ferro-magnesian minerals, and, finally, tl?e aluminous 
•silicates, when certain iron ores, zircon, rutile, and tourmaline only 
survive. 

Coating of San<1-grams —On the principle that, ehemiealh, 
dirt is*onlif “ matter in the wrong place,” the detrital minerals 
of a sand may he regaled as impurities when we desire to find 
a sand pure enough fora particular purpose such as glass-making. 
More imjKirtant, however, are the impurities resulting from deconi- , 
position of These minerals and those introduced either during 
* deposition (f£ the bed or subsequently by the action of percolating 
water. An example of such an impurity is the iron staining m 
tints of red, brown, and yellow, so widMv met with in rocks. 
Oxide of iron (as hematite, Fe 2 O t . or limomte, 2F%^O l .3H !l Oj, 
“Nature's colour-box,” acts as a coating to the mineral grains 
pnd at times cements them together into a compact rpek. Other 
minerals, such as silica itself, clay, fluorspar, barytes, calcite, 
dofomite. phosphates, etc!, also plat* a cementing role. Certain 
unconsolidated sands, while apparently fairly pure and clean, have 
a fine dust-like coating of clay or calcareous material deposited • 
up&n the grains. 

Association % icith Organic material .— Sometimes ‘•organic 
material such as plant-remains has *the effect, either by acting a§ 
a reducing agent 09 by the production of humic ac^ds, of clearing 
a sandy deposit! of impurities or of rendering them more easily 
soluble in percolating water.* Some df the purest quartz-sands 
known* to «s, remarkable on account of thq freedom or the grains 
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frorq the slightest ferruginous coating, are associated with carbon¬ 
aceous material (see Chapter .VI.). The famous glass-jands of 
.Font&inehjeau^in Franc^ Lipf>e in Saxony, Hohenbocka iif.Pr&sja, 
.and AylesbuK inr England, are apposite^examples. r J^ purity of 
Coal-Measure Sandstone is interesting $n this connexion, and the® 
bleaching, «ko the deptli of a few feet, iff the yellow* and 9 red !&nds 
on our heath-lands is a wpjl-known phenomenon. This question is 
considered ip more detail on page 140. 

Form of &'nnd-fjnnns. —Puriiig^flieir progneSs from °th'e dis¬ 
integrated parent-rock to theft final resting-plaqp,‘ mineral gf$nk 
suffer continual abrasion If She habit is nmlle-like, or the 
cleavage good, there is a general tendency fpr rapid fragmentation 
and disappearance Brittleness and softness help the speedy reduce 
^ioiibin size of grainy hut when a «oft mineral, such Us mica, has ii 
single perfect cleavage, it may bo, buoyed up aiflVtravel a lpng way. 

r fhe continual?, lettering to wAich^ grains carried by water are 
subjected results in the wearing down of the sharp edgips and 
angles, and the sands become suhangular. Prolonged rolling 
(Action produced bv currents up and down a shore-line, of repeated 
action on the same grains through successive geological cycles, hiay 
gradually eoiyid even quartz sand. Pot-hole water-action ip a con- 0 
fined space (V. </. under glacier-ice) produces sometimes a beaitt.fully 
rounded sand. Much more rapidly, however, are sands rounded? 
by the action of wind, when the grains are continually rubbed 
against one another, or meet other obstacles, with no water present 
to act as a cushion or a lubricant to reduce friction. Many 
desert-sands consist of grains which have been rounded in this way, 
but just as the want of rounding does nbt imply the absence of 
desert-conditions, so also its presence may not necessarily be due 
to wind-action. Sand-dunes, so common around the d-ihores of the 
British Isles, consist of shore-sands which have been blpwn up into 
mounds by wind-action, but that action has usually not been 
sufficiently prolonged to^change the angular or suhangular sbajH* of 
tiie grains. 

Size of Grains.- The sorting effort of water and air upon 
sediments hfes been briefly referred to early in this chapter. It is- 
necessary to consider systematically thg sizes of the grains con¬ 
stituting sediments and their relative proportions by weight. °At 
r the outset it should be repeated that the term “ sand ” has different 
significations to the layman and to the geologist. In the at^jve 
remarks ‘‘ sand ” has been used in its wider commercial sense, and 
therefor* includes related loose deposits hearing some amount of 
clay and oth$r material in their composition. In °its sti^cter geo¬ 
logical use sand is a gradte ” term, that is, one depending 
only upon tht> «ize of rthe constituent grains. Although most 
sands happen to he rfiade lately of one mineral—quartz,—the 
real criterion upon which the geologist bases his definition^ the 
high percentage of grains with average diameter between 1 mm. 
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aJN o-l* mm. (about 0*Q4 and 0004 of an in<?h). Very coarse* 
sands may have grains up to 2 mm. diameter, and very fine ones 
down to.0*05 mm., but these ar$ eitreme limits, pebbles of- 
diai£eter'°over 2 mm. ^all into the ^rade^ known geologically -as 
“gravel” (n#t the'commercial term of the -ibuildijig^raues, which’ 
Connotes a coarse concrete-making bouldOjy deposit with a good 
deal "of* sand a^d tine claytfv “ bind”). Particles of diameter less 
than 005 mm. constitute “^ilts." A further limit exists, and 
deposits made up of mineral fragments the diameter->pf which is 
^k*ss th&n 0’0t mm. 4 (0‘p004>in.) are true “clays” or “muds.” 
o A n usefhl classification of th?%iib-limits or grades k therefore :— 


G>. ( 

J roftter than i?® 

mm. d: 

mm. 0 

Ayiuol ((>). 

VCS. 

o .. 1 

mm. 

and loss than 2 

mm 

Wry coarse sand. 

es * 

„ 0**5 

inm. 

. „ 1 

mm 

Coarse sand. 

MS. 

a 0'2f> 

mm 

.»-0° 6 

mm. 

Medium sand? 

FS. 

„ „ 01 - 

*>nn. 

..o " °- 6 

mm 

"Xine sand 

4 

.. 0 „ 0-0-, 

* » 

mm. 

p 

.. .. ■> „ 01 

mm. 

Superfine sand^n 
-> course silt? 

( 

'..0 

mm. 

0315 

mm. 

Silt. 


Less t&an 0’01 mm. 


Olay or nmd giade (c). 


# The letters G, S, s, c, etc., denoting the various grades are for 
use in .tftiis Memoir only as a means of shortening the expression 
oof the mechanical analyses quoted in later chapters. Thus, a 
sand from the Red Crag at Foxhall, Suffolk, consisting of ll’B per 
cent.°by weight of very coarse sand-grade (>1 mm. & <2 mm. 
diam.), 441 per cent, of coarse sand-grade (>0*5& <1 mm.), 
41*5 per c@nt. of medium sand-grade (>0 25 & <0’5), 22 per 
! ,cent. of tine sand-grad^ (>0T & <0 25), 02 per cent, of* silt- 
grade ( > 0'0t & < 0 1), and 0'2 per cent, of clay-grade ( < 001) 
Would be represented thus:— 

o 

9 VCS cs MS PS b e S_ 

11-8’ 44-1’ 41-5’ 2 -i’ 0-2’ 0-2 ; 0il-6’ 

where S represents the total sand-grade ( >0'1 mm. diameter). 
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$ Methods or Sunny uk Sands. 
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For tlm‘proper knowledge of sednnfills, considering both their 
geological interest, and economic y^lue, it i ^.desirable,, that we 
should he acquainted with cl he chemical, lni/.eralogical, 'Ctind 
mechanical eomposjttms of each* sample. In threading of “ the 
riddle of the sands,” each of these three analyses yields interesting 
and valuable data, and for glass-sands in particular the chemical,and 
mechanical analyses are morf important. Although desirable, it 
ft dot so essential Cor commercial 1 purposes that* we should also he 
acquaint’d with the mineral composition . thcjcnowledge never¬ 
theless, (>V considerable \aluc in special cases and' may give an 
indication of the particular treatment required and of th« presence 
of minerals detrimental to*'.lie industry, or niay enable tl/c user to 
‘‘ensure that successive consignments of sand come from the Piime 
quarry or bed. 

Chemical Analysis. 

Since quartz and felspar usually make up the hulk of a u »and, 
and aluminous silicates that of a clay, the silica-percentage gener¬ 
ally runs fairly high, reaching in very pure sands and sandstones 
98 or 91) per cent. Complete analyses are very desirable, Especi¬ 
ally ‘of moulding “sands,” hut where mly fairly pure sands 
are investigated, as in connexion with glass-making, it is often 
sufficient to estimate silica, iron oxide (.is I\ a O,), gluiuma, and 
water. Other elements will rarely he present in quantities larger 
than “a trace.” If they should be, however, it is highly desirable 
that even small percentages should he recorded. Their effect in 
the actual making of The glass is not known, but numerous 
problems anjl difficulties have arisen in the processes and have not 
jet been explained. Small quantities of foreign substances may 
play a greatej; part than has hitherto been suspected in determining • 
the character of satisfactory or unsatisfactory glass. 

The chemical composition Jaries according to the amount ahd 
character of the cementing material upon the individual grains, 
«buf more according to the variety and relative abundance of 
detrital minerals presents As previously remarked, the heaiv 
detrital numerals are mostly oxides and silicates, but borates, 
fluorides,, phosphates, chlorides, etc., also occur. The total silica 
estimated in & sand is therefore jnade up of free silica, that of the 
quartz-grains themselves, Jogether with the combined silica of the 
other minerals. If \t is not desired to carry dut a complete 
chemical analysis involving* fusion With alkaline carbonates, the 
iron-content of the sancTmay be estimated for glass-purposes ’after 
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digesting the sand with hydrofluoric and sulphuric acids in a 
platinum basin, as mentioned below. n . 

■ In carrying out chemical analyses of glas^-sands the following' 
precautioni^should he observed. Silica should b*; estimated in the 
usual way, being separated by three evaporations Vith hydVo- 
didori^ acid with interning 'liltrations? The purity of the 
weigfied silica must in all cases he checked by e\a|K>riftion with 
pure hydrofluoric acid and a d);op of suljdmric acid. if -this pre¬ 
caution be omitted the results obtained will in\ariabhM>c slightly 
legher than the tj,am value. ° r 

Irqn is” best (jetPrmined by a ptdo^imctric method'in a separate 
sample after solution in hydrofluoric and sulphuric acids As in 
some cases iron-bearing minerals which are *bnl\ incompletely 
attacked by these acids'art' present, any insoluble residue 1 , especially 
if dark coloured, should be filtered off, ignited, and fused with a 
little sodium carbonate or potassium pvrosulj^aate. The melt is’ 
dissolved'in dilute sulphuric acid, and added to the main portion. 

A blank* test \ # . i 1 1 1 the reagents alone should al,w*;\s be'’made-to 
ascertain whether these are free from traces of iron. 

Titaniujn may be conveniently estimated eolorimetrically in the 
portion used for the determination of the iron. Care must, bow - • 
ever, lie taken to ensure the complete expulsion of the hydrofluoric 
acid, a|cven small amounts of this render the colorimctrfe estima¬ 
tion inaccurate. 

• No constituents should be estimated by difference, and the 
ordinary commercial chemical analyses of sands (which usually 
give a total of exactly 100 per cent ) are of little value for glass- 
making or itjfractorv purposes. 

fflinerul Analysis. 

Apart from the determination of the actual species present, 
the mineral Analysis is useful as giving an indication of the 
•relative amount of heavy detrital minerals and the quantity of 
such lighter minerals as quartz and felspar The earliest method 
in use for the purpose of conducting a mineral analysis was that 
of “ panning,” so well known to the miner. Gentle .agitation of 
the sand beneath water, combined with a slight rotary'‘movement 
with a jerking “throw,” has the effect of causing the heavier 
minerals to segregate at the bottom. The lighter Constituents 
aboye, making the bulk of the sand, Tire washed off carefully in 
a gentle •water-current. Separation of minerals such as quartz 
from gold or cassiterite (tin ore), each of which differs considerably 
fro» it in density, proves very successful, but for geological in¬ 
vestigation, where it is desired to separate minerals of density a 
little below and. a little above 2 ' 8 . the method by itseff is jiot 
suitable. *To reduce the bulk of the sediment, and® to increase 
the relative proportion of heavy constituents in order to obtain a’ 
larger quantity ior qualitative examinatlbn, panfliftg is adopted. 
If : carried too far, some of the less dense of the heavy minerals 
may be wafhed away with the lighter. 
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Before being analysed mineralogically* a sediment is sifted free 
frr?m larger compound grains, and, if necessary, washed clean from 
clayby matter. The dried* sand or silt is then treated with heavy 
.liqtiids te obtain Jhe small c erop of minerals the density of Abich 
istgreater-than. 2*8. «The proportion ef*these is usually so small 
that examination of the untreated s;fnd only reveals occasional 
grains. The densities of quartz and "felspar, whifcli make up the 
hulk of .sands, vary fropi 2*54 to «*7(i, while those of the more 
interesting' detrital minerals mentioned vary from 2*9 to 4 or 
more. Quartz, felspars, and certain other ligl^t minerals therefore' 
boat in a liquid hi’ density* 2'8, the hGavy mindrals fi sink. 

The apparatus required for fhineral analysis isryery simple.**' Ain 
ordinary funnel (dropping funnels have been used, but the ofien 
conical form is perhaps preferable) fitted with a ground-gBss tap 
or rubber-tubing and pinch-clip is all that is required (Figs. 1 a "1 l>). 


( ' 

Fig. 1 a. Fig. 1 b. 



Funnels for separating heavy minerals from sands. 


The most suitable heavy liquids in use are hro moform ^ (density 
about 2*84) and Tboulet’s (Sonstadt’s) solutionlquercury potassium 
iodide in aqueous solution, density from 2*8 to 3*1, according t-o- 
concentration). The heavy liquid is poured into the funnel *and 
the sediment added, the whole being well stirred at intervals to 
perlhit %f tjie easier settling of the. heavy grains. When the 
separation is complete (in practice it is probably never perfectly 
so), the light ^grains form a belt at the top of°'the liquid, there is 
usually an intervening clear portion, and a sediment of heavy 
grains occurs below. a The latter portion of the sand is Japped off, 
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filtered trom heavy liquiJ, and washed with benzene if bromoforifi ha 
•been employed, or distilled water if us8 has been made of Thoiilet' 
sojttkm.’ The light crop is similarly dealt with, the gashing* ii 
each case*bjing saved%n^ concentrated lJfcm 3ver if#v^ter-ba4i o 
•by distillation. Heavy liquids jre thus i»ed many timjs over. 

If'nfidfessary, the heavy drop may be further separat^l for diag 
nostic .purposes by magnetic, electromagnetic, electrostatic, rolling 
and tither methods, and by treatment wifli heavier liauitls, such a 
jnethylene iddide (density ^'3) *. * 

After*some pi*a«tice, mamAf the tiny heavy»min*ral grains mai 
Be*?ecognized examination \tith»a high-power hand-lens ( x 1; 
or 20 diameter^. For permanent use undt# the microscope they 
are Mounted in the ysiqil manner in Canada balsam (refractivi 
•index about 1-53), and examined in transmitted and reflected light 
If or rapid temporary examination it*is useful to immerse some £ 
the residue in such a medium ass clove oil (refractive index atom 
1-53), Jiut tlifn tilts mount js ifot permanent. J'he minerals art 
identi^ed by* their shape, crystalline form, cleavage, fracture.*en 
closures,%lteration, and such optical properties as colour, refractivi 
index, pfeochroism, birefringence, extinction-angle, interferenct 
figifte (directions-image), twinning, etc. For these miners! 
characters reference must be made to any good hook on ro^Jc-forming 
mineAls. The size of the different mineral grains is'measured In 
means of eyepiece and stage micrometers. 

The heavy detrital minerals usually stand out in relief (owinj 
to their higher refractive indices) when examined in balsam oi 
clove oil gsee Plate II. tigs. 2, 3, and 4), It is also useful fa 
examine some of the lighter crop in the same way. Since quarts 
and felspar have refractive indices very near to that of the medium 
(clove oil or Canada balsam), the grains if fresh and clean have 
very faint borders to ordinary light (see Plate II. fig. 1). A very 
slight ferruginous coating on the grains is then easily detected. 
Grains of a" highly pure glass-sand immersed in clove oil almost 
disappear. Felspar is usually turbid with alteration products con¬ 
sisting of micaceous material or clay (kaofinization). 

In certain exceptional‘cases, where the grading hi# been well 
carried out by natural agqieies and a good proportion of heavy 
’minerals is present, ordinary sifting will separate, to« remarkable 
decree, the coarser light .minerals ajid the finer heavy ones which 
require^ the same strength of wind-»or water-current to transport 
them. As an example may be quoted the dune-sand from Ifel- 
gqjvnie Links, near Aberdeen. A mechanical analysis of this 
deposit yields: Coarse sand %'0 per ceift., medium sanfi 91 -2 per 
cent., fine sand 3'3 per cent., superfine 'sand or silt 2'94>er cent., 
dust, etc* 06 <p*er cent.; total sand-grade (> 01 nun. diameter) 
96 5 per cent: The portion of diameter greater than 0'25 mm. 

* T. Crook, "'Hie Systematic Examihation Loose BeLrt&l Sediments,” 
Appendix to Hatch & Eastall, ‘Hedimentarj Bocks,' London, 1913. Wein- 
schunk, (translated by Clark), “ Petrographic MJpJhods,” New York, 1912, 
and other ifbrks. 



METHODS OF STUDY OF SAND*. 


19 > 

(medium and coarse sand) consists of quartz and felspar, while 
that’'ofc diameter 0'23 to (H mm. (fine sand) consists, almost. 
entirely of (heavy detrital mineral grains, epidote, augite,‘gamAis, 
•tourpialinS, aqd zircfin (fling conspicnous. ( *' • ° 

In very pure sands onosandstonps, the heavy crop may be less 
than 0 01 per cent, in weight, but it sometimes increase* to'4 or 
5 per cent., as, for example, in some- samples of Hagshot Sands, 
Inferior Oolite Sands, and others. Usually it is found that''the 
coarser the sand becomes the smaller is the heavy cfop yielded; 
silts and fine sa^nls often carry.thchighest propohtifm. Estimation 
of the heavy crop of true clays is Very difficult tq Snake, as it 'KaS 
not been possible to Uftain a godtl separation in a'heavy liquid of 
the Very fine, material which takes a long time to settle. 

Complete mineral analysis may, as a rule, lie carried out within <• 
ap hour, that time serving Also for the identification of all the' 
important detrital minerals. Mireral analysis is much more rapid 
than eherqical analysis, and yields general infonnatjon as to the 
chemical compounds present and their relative abundance. Ayheek 
upon the chemical analysis'and a knowledge of what eleCients to 
look for are thus obtained. Chemical, mineral, and mechanical 
analyses may all be in operation at the same time. 

Mechanical Anali/sis. 

A mechanical analysis of a sediment seeks to record the various 
sizes of the constituent grains, and the relative proportion by weight 
of grains between certain limits of size. These size-limits are 
known as “ grades,” and a useful classification has been given in 
Chapter II. on page 18. 

The general importance of mechanical analyses in industry is 
only being realized very slowly. Agriculturists have long recognized 
the value of mechanical soil-analysis ; indeed, the methods of work 
were first introduced in this connexion. Mining-engineers subject 
their battery-pulps to such analysis in order to determine the effi¬ 
ciency of their machinery, and they use various forms of apparatus 
designed to separate pulps into grades *. Water-engineers have 
recognized the importance of the knowledge of relative proportions 
of certain sizes in coarser sands and, gravels in. the matter of 
water-filtratibn, and the distribution and movement of underground 1 
waters t- The significance of the method has been realized 0 to 
some extent in pottery-work. Not yet, however, have glasa-manu- 
ji&oSurers, metal-founders ; brick-makers, and others fully appreciated 
the value and importance to themselves of a knowledge of tjfee 
mechanical constitution ot the clays, silts, loams, and sands which 
form their raw materials. Frequently there has been some realiza¬ 
tion S)f the value of the investigation, but crude methods fcf sifting 

* H. Steelier, “ Grading Analyses by EJutriation,” grans. Inst. Mining A 
Metall. jail. (191#-f913) pagt 686. 

t C. S. Slichter. “ Motions of Underground Waters.” Water-Supply and 
Irrigation Papers, U.S. Gppi. Survey, No. 67 (1902); King, U.S.G. S; 19th 
Annual Report, 1897-8, page 67. 
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are often deemed sufficient. That the old t»rder of things is 
changing is evidenced by the fact tfyit elutriation 'apparatus* has 
bt^n,set*up in a few works as well-as in a few scientific •institutions’ 
in* this country'. Spmennanagers of glass-veirksjiave^eedgnizecl lhai, 
the grade-analysis of a**glass-sail’d is of ^ ftiuch importance af tha 
chemical composition (provided, of course, that the latter does not 
fall outside certain limits). Otherwise no scientific investigation 
as t# a suitable mechanical composition Jias been made* experience 
being trusted to a* a general rule. l*ually only sifting through 
wire-screens 1m* beeifadofftoJ.br sand-merchants or manufacturers 
a i*4 founders. 

(a^ Screening.—a ittmg or screening may be resorted to for 
course sands, but foi* fifte material the procedure is •objectionable 
both because of liability to coiitaiijnation and want of accuracy. 
Moreover, very %■ grades cannot be separ.tfed by sieves, a« tfie 
apertur&s cannot be made sufficiently small. From h scientific 
standpoint flic sifting of sediments through wire-sfrecim ^vith 
square gr rectangular mesh does not* give accurate results, since 
grains oi’ various diameters 115 ) to the length of the diagonal of the 
aperture pass through. It is the mean and not the major dia¬ 
meter of the grains which determines what shall pass the screen. 
Sifting, therefore, does not guarantee sizing. W^ei* sifting is 
adopted, round-holed sieves, with the holes punched out and set in 
00 ° triangular sparing, should be used. It is even then questionable 
whether sifting much below 0 ■!} mm. (about 0 02 inch) is entirely 
satisfactory. Smaller holes than 0 o mm. cannot be punched with¬ 
out difficilty, and 0'25 mm. (0 01 inch about) sieves are therefore 
wire screens *. The Utter mesh is the minimum limit of screening 
adopted by the writer. In these, screens and in the smaller “ 120 
to the inch,” supplied by makers, the apertures are square and 
tend to become clogged by use. Contamination thus occurs,* 
especially*!!' the metal of the screens he iron, which inevitably 
rusts in time. All sieves for scientific work should be made of 
copper or brass. • 

Before passing on to, a description of the forms, of apparatus 
used in elutriation, a note is desirable upon the standardization of 
grade-measurements. As *in other scientific work, the use of the 
metric system units is preferable and simplifies alt calculations. 
The grade-sizes adopted in this IJeinoir are therefore expressed 
in millimetres, and may be converted to English units if required 
(25-4 mm. = 1 inch). Screens are frequently made according te 
Bjiglish units, 30, 60, 90, etc., meshes i the inch. In the I.M.M. 
mesh screens (inch-units) the thickness of the wires fis equal to ( 
the diaigeter gf the aperture, hence, for example, a 120 -i^esh screen 
has apertures about 0-004 inch iq diameter (about 0-1 ram.'. In 
Either screens (3(* 60, 90 mesh, etc.) this is not^the case, the wiles 

1 • Perforated brass or eoppe/ screens aA now supplied down to 0*1 mm. 
by M*essr* J. & F. Pool, Ltd., Hayle, Cornwall. •• 
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being of smaller diameter than the apertures. Accurate grading 
cannot then be carried out. 

A plea must be made |or uniformity in the expression of.gmfo- 
' sizes,,preferably in millimetres. The brags,screens in usfe in this 
country for ,soil-analysis aLd other gnuling work, while often made 
according to metric units (frequently in Germany) are in nests of 
2 mm., 1 mm., 0*5 mm., and 0 25 nun. diameter Holes, the last 
being square jviro-mesh, and the others punched round holes. " In 
some of the literature on mechanical analysis of sands, the* last 
mesh-size or el variation-size is' taken fit 02 mm! diameter instead 
of 0*25 mm. It is then difficult to institute comparison between 
analyses. The size 0*25 mm. dial deter is adopted fie re, on account 
of the exigencies of the* apparatus used. 

(b) Elvt nation.— For determining smaller grades of sand, 
scPeefling should give*‘phiee to elutyiation. The process of elutria- 
tion is a classification of particles 4 *according to size* by means of 
upward currents 'vater. The final \elocities attained by small 
grains of a particular mineral of known size, when thevHue -allowed 
to settle freely in water, bar* been determined both by calculation 
afld experiment. The results have proved to he remarkably cmi- 
cordant and indicate that the controlling factor in the settling of 
small partibler is surface-area, and not density. The free sealing 
of particles m a liquid is due to graxity, but the velocity attained 
is controlled by the viscosity of the liquid. The settling of grains 
of diameter tip to about 0*2 mm. thus conforms to a law which has 
been termed* “the law of viscous resistance.” The velocity taries 
as the square of the diameter of the particle The settling of 
grains above about 0 2 mm. diameter is controlled by another law, 
that of “eddying resistance,” where the velocity varies as the 
square-root of the diameter. Klutriation. however, is concerned 
' only with separation of grains up to about 0*25 mm. diameter; 
above that size, sifting is usually adopted. In elutrtation the 
assumption is made, and lias been found to he justifiable, that the 
final velocity of any grain of known size is approximately that of 
tin? upward current of water which will .. just keep the grain in 
suspension. 1 The process enables us to classify sediments into' 
grades, if desired, down to a limit of 0*00d mm. (about 0*0002 inch) 
diameter. 

The velocities of water-currehts required for separating [suitable 
grade-sizes are as follows:— 


0'4 mm. diametel, 

47 mm per second. 

0-3 „ „ <> 

32 „ 

0'25 .. 

"25 

P'2 

20 

o-i 

0-7 „ 

0-05 „ 

1-78 „ 

0-01 ,, , „ 

012 „ - 


(Temperature 15° C.) r 

# Sir G. G. Stokes deduced the law on purely theoretical considerations. 
Richards, * Text-book of CPe-Dressing,’ New York, 1909, p. 264. 
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♦The viscosity of water decreases rapidly with*rise of temperature. 
The grading of saiuls is controlled b\*this viscosity, and cold Nvatfcji; 

.thWefore carry off larger grain# than warm water*for any, one 
lead and* jet in elntriffjon. Caije must bt # tak£n ultyvs to elutriate* 
it approxitnately the sajne tejnperatur% The difference in tem- 
jewftsre of tap-water in summer and winter is sufficient to*alter 
ippreeiablv the results obtained in grading a fairly coarse sand. 

r £he two chief forms of tdutriiitors fised by the # writer in the 
nvestigation of sediments*are the Oooft pattern and it modilication 
ay Stadler of the.Scfioene The former appai^itus *, designed 

by*AIr. T. Cinldc of the imperfcil institute, is sini]»ler to make and 
work and enaMos a mechanical •anahsis tolly made more rapidly 
thai# the Schoene, many grades being separated at^ once. The 
ipparatus will be best understood from the sketches. The Crook 
dutriator consists (Fig. 2, pagy 22, Plate 1. tig. 1) essentiaUyof 
two cylinders, a lower narrow <#ne A and aft up}>er broad one if. 
In orJer to obtain $ constant nfte of flow n}>wards for water in 
these # cylinc||;rs a small movable reservoir C i* used, with an ftver- 
How fuancl and tube 1). The reservoir t 1 can be movid up and 


down, iftid a constant head atul pressure of water ma\ be obtained 
in «fche apparatus when these vary in the water-taps of the labora¬ 
tory. The vessel B is fitted with a double-holed stopper through 
which* passes a straight tube E acting as a manometer, and a bent 
tube F with a jet at the end. The velocity of the upward current 
of i^ater in A and B is regulated by the size of the jet-opening, and 
the height of the water-level in C, which may he moved up and 
down; th^ velocity is indicated by the height to which the water rises 
in E? For separation of the sediment into sand-, silt-, and clay- 
grades (1 mm. to ()•> mm , 01 mm. to 0 01 mm., and less than 
[>•01 mm. diameter) the internal areas of cross-section of the cylin¬ 
drical parfy of Atand If must be closely in the ratio of 1 to 50 # ^ 
Convenient sizes are found to be 11 cm. diameter for A, and 


9‘8 cm. diameter for B, in uhtcli ease to obtain the required 


upward velocities of the water, of nearly 7 mm. per second in A, 
And O lo mm. per second in If, the jet*F is found to he about 
1 mm. diameter, and must permit an outflow of neaa^y 100 e.c. in 
90 seconds. The outflow is controlled and varied by movement 
of C, and when the correct measure is found, the height of the 
water-column m E is marked and ^should he kept constant. The 
tifbe A should be about 80 cm. long with a slight constriction in 
the drawn-out bottom end (wliich may also be roughened) to 
facilitate the grip of the rubber tube uf>on it. The vessel B i* 
Aout 14 cm. long in the conical part and 12 cm. long in the 
cylindrical part. The lower jxxrtion of B and the tuqp A should 
be of the same diameter and joined by rubber tubing oh th% same 
internal diameter fitted with a clip. Another clip is used to $ut 


* T. Crook, Appendix to Hatch & Rastall,* 1 Sedimeift^y Rocks, London, 
1913, p. 349. Apparatus made by Messrs. A^Gallenkamp & Co. Ltd., Finsbury 
fequaje, London, J. Moncrieff, Ltd., Per+b «na Mnller. Orme A Co.. 148 Hieh 
Holbom, tendon. 
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off A from 0. Other details will commend themselves to the 
'liser of the apparatus. A weighed quantity of sediment (10 or* 
c 20 grammes) ted <to 1 ^nm./’after being suitably treatedelaf.is 
•present (boiled with water and deffoeculated*bv the addition of pvro- 
gallol or sueli an alkali a^ammonuwor washing-soda) is introduced" 
into B. Wlien the clips are released, the upward currents “of tfafer 
separate the material infy) grades, tlVe sand-grade from 1 mm. to 


Fig. 2.— Crook's 

< * 


EItt'friaior. 


A. Lower cylinder for sand-grade. 

B. Cylinder for Kilt-grade. 

C. Movable reservoir giving head of 

D. Overflow tube. 

E. Pressure-gauge. 

F. Outlet tube and jet. 



0 - l mm. diameter being blioyed up iji A, the silt-grade from 01* to 
0*01 mm.(diameter being held in suspension in B, and the clay-grade 
being cabled .over by the water through F. The last grade may he 
collected in large jars and allowed to settle. The water may then 
be decanted off, .and thei sediment dried and Weighed. As it is 
- sometimes necessary, with clayey deposits, to keep the apparatus 
going for 12 or morj. hours, until the separation is complete 
(shown by clear wafer passing over from B), a very fiitge bulk 

o 
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of water accumulates, Rnd settlement takes mifch time ; moreover, 
the fine clayey material is difficult to*deal with. When separation 
appears, to be complete, the screw-flip between A arid B should 
b*e closed a little.- fo£a short time befoA tht gra^s AandB* 
are finally flipped off fyjm one another.^ It is the usual practice; 
after .drying, and weighing the separated grades in * A and’B, to 
find the grader of < *01 mm. Jiameter by difference. Tfte proportion 
of 4naterial of diameter > bmm. may «be found bv sifting before 
elutriation.. The grading obtained bv this apparatus is there¬ 
fore >,1 mm ,• (H anfl ^liiuiij., >0 01 *ind ^<0T mm., and 
» <64)01 mm/ ^s it is often de^mibh* to know the percentages of fine, 
jxiedium, and c/arse sand, the dried portion ofaliameter > 0T and < 1 
mm, may be subjected to sifting through 0 5 and 0 25 mm. sieves. 

In the ease of trite winds, very little material should he found 


in B or pa*s over through F. r lJhe height to which a kyown 
weight of sand is,borne up in .^during the experiment give* fhe 
observed’ an idea of the proportion of the coarse, modjpm, or fine 
sand-grades.® For example, in the elutriation *of Fontainebleau 
sand* a, seething mass of grains 10 c%u. high, with a sharp upper 
limit aid almost clear eoluftin of water above, is seen in A. The 


sharp upper limit indicates a high percentage of one grade such Ss 
coarse sand, medium sand, etc. An indefinite, hazy border, or the 
complete occupation of A denotes a mixture of gudbs, and the 
sand is therefore not of the best for glass-making. Crushed rocks 
invariably give the latter result. 

The great feature of Crook’s! apparatus is its simplicity and 
rapidity of working. By adjustment other grades than those 
>1 mm.? >0T mm. and <l|inm., >0-01 and <0T mm., and 
<0’01 mm. ean be aeparated. The Schoene apparatus (or its 
modification here described) enables grades between any desired sizes 
to be separated, af many as eight or nine grades being obtained if 
desired'. Tie apparatus requires much more attention, and, since the? 
grades ai# separated one at a time*, a complete analysis of a sediment 
may take a considerable time (sometimes a week of working days). 

The Stadler modification of the Schflene apparatus * is repre¬ 
sented simply in Fig. 3, page 24, and Plate I. fig. ^ Essentially 
it consists of a cylindrical vessel A about 40 cm. long and 5 cm. 
in diameter drawn out and bent round at the bottogj, and fitted at 
the top with a stoppered funnel B, and outlet tube C. The tube 
O divides into the vertical piezometer tube I) w'hich registers the 
pressure and therefore the velocity of water passing through A, 
and a jet E. The tank F gives a fixed ffiead of water; the latt#r 
passes down the tube G, controlled by a stop-cock II, into A. 
A short length of glass tubing and a clip are attached to the, 


* H. Stadler, loc. cit. p. 689. Made by Messrs. Griffin *& Co., Kings^ay, 
London. Mr. T. CJjook suggested a modification of the Schoene apparatus, 
using jets of vajying size, in Koy. Dublin Soc?, Econ. Ptc&. vol. i. pt. 5 (1904) 
p. 267. On elutriators generally, see Keityack : 1 Lehrbuch der praktischen 
•Geolpgie,’ 1908, 2nd ed., Stnttgart, and ‘Clays, their Occurrence, 

PropertiA, and Uses,’ 1908, 2nd ed., New York. ( 
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lower end of A, w’hich may be fitted witlf a glass stop-cock. Tfie 
tube p is about 100 cm.•long and is suitably graduated. A 
series of hits (best made by the operator and standardised igith 
•the instrument) with holes from 2 mm. (diameter down to an 
extVemely small size fanout 0'2e mm.] are fitted irf turn at E t 
Knowing the internal diameter of'A. apd measuring tlve .volume 
of water outflowing per second froirj each jet, we can plot curves 
and draw up a table showing the«jet used and the piezometer 
reading for all the velocities of water in A we require.. 



A weighed quantity of sediment, previously treated as described, 
is washed dc*m through B into A, a ml‘'separated into grades com-h 
mencing with the finest, bv attaching the;proper jet E and suitably 
adjusting the water-levei int ]) by means of the serew;-tap‘H. 
To % distribute the water-current entering A, shot or mercury may 
•be placed at the bottotn. The grades are thus separated one at a 
time and the procedure is>slow, so slpw, indeed, as to give time for 
complete ^settlement of the finest grades as they come over, and 
permit decantation and estimation. The grades to lie separated will 
depend on the nature of the investigation. Mr. H. Stadier, while 
at the Royal Sghpol of M,mes, classified battery^ulps in a series of 
grades in a reduction ratio of the weight of a grain of each grade of 
tour to one. For glass-sands', moulding-sands, and general geological 
work, it is more advantageous to adhere to the classification detailed 
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ibove, but the apparatus permits the estimation*of certain useful 
ntermediate grades ( > 0*01 and < 005* > 0*05 and < 0*1 mm. # etc.), 

f l&et relative advantages and disadvantages of the two* forms of 
ipparatus cannot be dfceussed here, but if may be ^pdkted that 
tor work dealing largely**\yth deposits whkdi are essentially saitls, 
Crook's* apparatus, combined with careful sifting, is simpler and 
more rapid in its action. The # wide cylinder B in Crook's?elutriator 
may %e substituted for the cylinder A in* the Schoene apparatus, 
giving greater accuracy in the separatioif of the tine grades, while 
using tha latter apparatus. 

f o* V 

# As some diftigity has arisen n\ tne presei^ rime in getting the 
necessary glass-ware blown for such elutnators its that designed by 
prook, it may be of s&vite to give a brief account of* the single- 
vessel elutriatyr wliich can he constructed from wide glass tubing 
usually kept in stocjc. Tubing otie and a half.^wo, or three inafiea 
in diameter is eminently suitable* for all but the small grades of 
diameter less •than 0’05 inn?. By changing the*head *<tf wa^er, 
small differences in velocity maybe obtained, but for such variation 
is is required for the separation of suitable grades of a sand, the 
uze«of the outlet must be varied by means of jets of differing* 
apertures. 

Th*i>single-vessel apparatus is indicated in Fig. ^ £page 20). 
Separation of the grades takes place in the tubular vessel A. The 
length of the vessel is a matter of importance, and the lower 
drawn-out conical portion should be equal in length to the upj>er 
cylindrical part. For two-inch tubes, each should be about 8 inches, 
but for the separation of grades in three-inch tubes, 0 inches for 
each part is sufficient. # It is advisable to have the lower end of the 
tube opened out slightly to enable the rubber connexion tubing 
to obtain a grip uj)on it. A constant velocity for any one jet is 
obtained by adjusting the height of the vessel B, which gives the 
head of wflier. The vessel A is .fitted with a two-holed rubber 
stopper, into which are inserted the manometer tube 0 and the 
outlet tube B fitted with the jet E. Whtn the desired velocity of 
water passing through \ is obtained for any one jet, the height 
of the water in C is marked. The area of cross-setftion of A is 
determined accurately, and & number of jets may be standardized to 
give the required velocities by measuring the outflow yielded by 
eao»h. Small differences hi velocity fliav be adjusted by raising or 
lowering B. Approximate sizes of jet-holes and head of water, using 
the two-inch and three-inch cylinders, are as follows :— • , 


• «• 

* • 

2-xnch (51 mm.) j 
cylinder. 

3-inch (id mm.) 
cylina.gr. ^ 

1 

i Diameter of # gdRns separated 

• 

mm. 

mm. 

mm. 

mm. 

0*4 

• 0-2 

. *■! 

0-05 

„ „ jet-aperture 

7 

3 

3 

2 

Head of water .*. 

• 

18S0 

f 1400 

• • 

-«— 

1 700 ; 

400 
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As in the ScHbene apparatus, described on page 23, successively 
oai§ei grades are run off, ene at a time, beginning with the smallest 
Tl le Sehtiene a,,paratus differs in having a fixed head oi>a “ 


Fig. 4. —A 


sivg^c-vesitef.hor/n yf Elu triator? x 4 - 


A. Elutriating- Cylinder. 

B. Movable reservoir giving 

head of water. 

C. Pressure-gauge. 

D. Outlet-tube. 

E. Jet. 

E. Spring-clip. 



suffiZ? T ;” lree ^ ets t0 each oTlinderavill be found to be 

be glass-tubing, 

Shed t n k la WrfW ' pipe . Mae and Wuofc-no^d. * Eacht 

D by rubber connexion-tubing, close up id that the- 
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glass parts are touching. ’ Care should lie taken tlrnt if the rubber 
or glass-tubing connecting A and B is replaced by longer or lyider • 
material. .'Wie overflow should be measured and any tiecessjry 
correction of Jicad matR^ Friction plays % vefry gfcat* part in ■ 
ratal-ding the flow of water through tubes, specially when the'hi^h 
velocities necessary to grade, to 0-3 and 01mm. are obtaifled. The 
1 tubes connecting A and B are ^therefore made as wide as*possible, 
and tl?ey should not be changed in length Ar diameter jiol- should 
rubber be replaced by lengths of glast, without clicking all 
velocities •again. ‘(These reuity-1* apply also to the Crook and 
Sfiidftr elutriatoil^) 

The®accuracy of the blutnatum processes lias usually been 
ohecked by examination and ineasurement of grains from the 
separated grades under the microscope, a A word of warning is hej-e 
necessary. In data«relating to mechanical amdy&es of sediments' 
(for exapiple, moulding-sands, fire-tlays, eta-.). the average (Jiamcter 
of the grains,constituting eai-h grade is givens Both geologists 
and miniag-engineers liave found tluft the average diameter 
obtained by microscopic nieasuihment lma usually too high a value. 
WhePi almost spherical grains of known specific gravity from 
•any one grade are counted and weighed, the average diameter 
may be found by calculation. This value is usually h-ss than 
Jhat obtained by microscopic measurement, because the grains 
are rajely true spheres. They tend to lie in their -‘flattest” 
position, and thus the minimum diameter is usually not measured. 
Particularly is this the cast- with certain crushed minerals, among 
which is quartz. Quartz, although it has no cleavage, tends to 
crush into a very tlakv* form, and elutriation products of this 
material, which has been recommended as a glass-sand, always appear, 
when examined under the microscope, to be coarser than they 
,really are (compare, for example, figs. 2 and 5, Plate IV.). 

It is an interesting fact that the average diameter of the grains 
of a sand is frequently a very small figure which is not at all the 
size of grain that appears to the eve to Be representative of the 
sand. An example will host illustrate the point. » * 

Taking a well-graded, washed sand, such as that from Lynn, of 
gnechanical composition: >025 and <05 mm., 90'g %; >0T 
and <0-25, 87%; >0 01 and <01,0-2 D ; <0-01,0-3%; we 
fincPthat the true average tliameter (4ie sum of all the diameters 
divided by the number of grains) is,0 ()103 mm. This appears to 
be a very low- figure, and is due to the fafct tha’t even in a tiny < 
percentage of a,small grade an immense dumber of grains occur. 
(Care must, of course, be taken before elutriating to enjure that 
the sand «s dry," or moisture may be estimated as clay-grads by 
’difference.) Lynn Sand was chosen as being one of tl& best-graded 
materials. The »verage diameter of Ljppe Sand, (see page 131 
and Plate III. ]f similarly worked out at 0-009 mm. If, however, 
wA multiply the percentage \veight of fetch grade by the average 
size ol th#t grade, add together the results and divide by the total 
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percentage weight (i. e. 100), a method adopted by H. Kies i . 
we ^obtain • a result which is certainly not the average diameter, 
but which is a size apparently representative of the 'sapdr when 
examined and nreasifred under the micA)SCope. In the case of 
the Lynn^Sand above, it works out ait 0*285 mm. The latter 
result might be termed the “dominant diameter”; it has been 
called erroneously the average diameter. That it is not the latter 
may easily be seen by making a similar calculation upon a sandy 
clay. 

In connexion with the undcrgr mnd passage of wato through 
sands, Hazen desired to tiivl the mean or avenge-sized- gr: ii of 
each sample f. THs mean size he termed the effective size, and 
it was to be such that, if all the grains were of that diameter, the 
sand would have the same transmission capacity that it actually 
possessed. Hazen adopted screening, and decided that the effective 
• size should be det rrnined from the mesh of the sieve which allowed 
10 per cent, to pass and retained 00 per cent, by weight of the 
sand. The variety of sizes presen tin a sample he indicated by the 
uniformity coefficient. To determine this, he found Hie size of 
the sand-grain such tha A 00 per tent, was of smaller and 40 per 
cent, of greater diameter. Then the uniformity coefficient 

= - jv ,• e . ' Hazen found that 10 per cent, of sm.ll grains 

ettectivo size 1 1 n 

had the same effect on water-flow as 90 per cent, of the larger 
grains, provided that the uniformity coefficient was not greater 
than 5. 

The uniformity coefficient for the majority of British sands here 
described (dominant grade=medium sand >0*25 and <0*5 mm. 
diameter) is nearly 2. 

(c) Graphical Expression of Results. —The expression of 
mechanical analyses in the form of curves brings out contrasts 
and similarities in sediments more graphically than Joes the use 
of space ( e.g . “ strip” or “butterfly ”) diagrams. Similar graphs 
hive been used for screening-analyses in connexion with water¬ 
-supply and percolation, in the publications of the United States 
Geological Survey, and for analyses of moulding-sands in those of 
the Geological Survey of Denmark. The curves here drawn are to 
be regarded as approximations only, serving to visualize the lists of 
figures given in the table: of meclianical analyses. Refe v ence 
should always be made to tne latter. Cumulative percentages by 
weight of material above the grade-size (marked horizontally) are 
set off vertically as ordinates. For example, in the curve XW 
(Fig. 5) representing a specimen-of London Clay, about 17 per 
cent, of the sample is of diameter greater than 01 mm. and about 
55^per cent of diameter between 01 and 001 mm.; tHe prdinate 
^at the latter grade-size is therefore 17+55 ==72 per cent. The 

* Trans. Amer. Foundrymen’s Assoc. 1906, page 63. 

f C. S. Slichter, “ Motions of Underground Waters.” Water-Supply tod 
Irrigation PaperB, U.S. Ortlol. Survey, No. 67 (1902). 
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horizontal scale adopted is* proportional to the logarithms of the 
diameters quoted, in order to keep tlw scale representing jthe 
various grades down to clay within the qpmpass of the page. 

The curves are plotted “from four or five posits, with ’^fofmation 
for intermediate points obtained from microscopic examination.- ’ 

Horissont^lity pi anv part pf the curve means the absence of the 
grade-size corresponding to the distance that such horizbntalitv 
^extend:. * Verticality in the graph me.ms a considerable percentage 
of tlie grade-size corresponding to the ]position of tli? vertical 
portion. In the kgtires for 3 gkss-»sands and other similar well- 
grade.1 sands the -verticality is probably greater than represented, 
but the absence $ information as to percentages of intermediate 
grades prevents more accurate plotting. All the curves eventually 
turn up at the right-hahd’end (in the clay-grade portion) when 
the total reaches as it must do, 100 per >-ent. The approach to the, 
upper line may he asymptotic, i.e^ the particle may gradually 
;become smaller and smaller to vanishing point; but it is more 
))robable that in*most sediments a lower limit of *uzt 'of particle is 
reached, wlyn ?he curve turns up thus •—'. Probably solution 
eventually causes the disapjieara’nee of tray particles before they 
disintegrate mechanically. 

* Representing the mechanical composition of a sediment as a 
curve (Fig. 5) obtained by plotting cumulative jiercentages of the 
various grades against the diameter of particles in the grades, we 
•see that a pure gravel, 100 percent, of diameter not less than about 
2 mm., is represented by the vertical line AH, a pure sand of 
medium grade by CD, a pure silt by such a line as EF, and a 
pure cla\ by another vertical line such as GH beyond. Such ideal 
i sediments do not seem to be present in nature. The curves TU, 
\VX and YZ represent actual British sediments which have been 
subjected to mechanical analysis. The curve TU is that of a true 
medium sand t'rom the shore at Kvnanee Cove, Cornwall, WX is 
a true loam, Vorked for brick-making, from the London Clay at 
Ipswich, and YZ is a true clay of Upper Glacial age fropi 
Hasketon, Suffolk. These three sediments*approach very nearly 
to the highest perfection to be expected from naturqj deposits. 
With them should be compared the curves indicated in Fig. 6, 
which are of some well-kn6wn and successful moulding-sands. 
The upper curves, representing the famous “Belgian Red” and 
“Cotnish Red” (Pliocene’Beds, St. Jfirth, Cornwall)* moulding- 
sands, etc., are clearly from their position indicative of coarser 
sediments than the other represented, whieli is the well-knowft 
“ Er(th ” sand from Charlton (Kent), much finer in grain. In spite 
of the variation in size of the 'constituent grains, the proportion 
of the grades is,eonstant and causes the curves to be rem^rkafyly 
sympathetic. The graph of the “Belgian Red” moulding-sand is 
seen from the figured cut across the others, owing tp that deposit 
containing a greater proportion of clay, apparently ferruginous 
kaolin. Actually it is more neafly the ideal moulding-sand expected 
on theoretical grounds, i. e. one with high cRfY-grade for bind, and 
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Fig. 5 .— Mechanic#! Analyses of Sediments : Graphical representation . 



Fig. 6 .—Mechanical Analyses of Sands : Moulding - and Glass*Sands 
compared. 



o 
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Pig”7 .—Mechanical Analytes of Sands. An (Atempt towardt 
representation of Ideal Glass- and Moulding-Sands. - ■ 



Fig. 8 .—Mechanical Analyses : Unsorted Deposits. 







—> Cumulative percentageaveights 
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with a good q&antitv of sand-grade (other than fine sand)' for 
openpess and ventilation. t The ideal moulding-sand for “greensand 
moulding ” would be graphed- as in Fig. 7, AB, the horizontal-part 
of the ptrve passing Aer the fine sand- aifJ ^ilt-grades, ’ Sonte of 
fie Pliocene, Eocene 1 , apd Cretaceous Beds fringing the kaolinized 
granite-masses of Devon and Cornwall approach very,closely to 
this ideal. Moreover, the clay-grade is composed-largely of kaolin,, 
the refractory properties of which ;,re excellent. The difficulty to 
be solved,Is that of making the kaolin, which is not a very plastic 
clay, into a good,“ bind.” 


Fig. 9 .—Mechanical Analyses,: possible variation in true sands. 

.Sand.-*<— - Slit.- Clay- 



Oil the Other hand, a perfect glass-sand should he all of one 
grade, preferably among those sizes n6t so desirable in a moulding; 
sand. In (Sther words, a sand from which glass is to be made 
should have all its grains of one size, not greater than 05 aim. 
or less than O'l mm. diameter. The curve CD (Fig. 7) would 
represent such a *and., 

With these ideal easfs should be compared those of Fig? 8, 
representing such unsorted deposits as those mentioned in 
Chapiter id. The curves in Fig. 9 show the possible ^variations 
in grade of (.British sands, and c from a comparison of Fig. 9 with 
Figs. 10 & 11, page 50 (see also Plate III. figf. 1-5), the special 
grading of saSds for glhss-making will be realizid. The badly- 
graded products obtained by crushingrocks are indicated in Fig. 12, 
page 79 .(see also Plate°III. fig. 6). 
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CHAPTER IV. 

GjjassJManueacture. 

•literature on Qtass-Sands, eth* —Comparatively lilftle appears to 
liaye been written upon the important subject ojj glass-manufacture, 
and especially in this country is there a dearth of literature bearing 
HP 0I \ the problem. (Ally a small amount, too, of th« available 
literature refers, to modern processes aiyl developments. For those 
interested in the methods used, ^nd those wh<^ desire to realp?# 
to what extent knowledge of ou» geological resources may help 
the trade, the folio wifi g works*are recommended ^ 

Glass Manufacture (Constable) ..by Walter Rosenham, 1908. 

Glass (Sir Isaac Pitman & Sons), by P. Marson. Just published. 

£he Principles of Glass-making (G. Bell <fc Sons), by Powell and Chance, • 
18^5. 

Gl»s. Articles in ‘ Encyclopedia Britannica,’ 11th edition? by Harry 
J. Powell and W. Rosenham. 

Jena Glass (Macmillan & Co.), by Hovestadt, translated by J. D. and 
*A. Everett. 

Glass-blowing and Glass-working, by Thomas Bolas, 1898. 

Abridgments of Patent Specifications of Glass • 10 volumes, 1855-1915. 

GlaSs-blowing, by W. A. Slienstone, 1886. 

Glass Article in Thorne’s Dictionary of Applied Chemistry, 1912. 

Le Verre et le Cristal, by J. Hennvaux, 1897. 

La Verreriu au Xlftne Sieole, by J. Hennvaux, 1911. 


Die Glasfabrikation, 2 vols., by R. Dtalle and others, 1911. 

Die Glasfabrikation, by R. Gerner, 1897. 

Die Herstellung grosser Glaskorper, by C. Wgtzel, 1900. 

Die Glasindustrie in Jena, by E. Zschimmer, 1909. 

Glas. being Part I. of Chftnische Technologie, by B. Muller. 1911. 

Die Glasatzerei, by J. B. Miller, 1910. 9 

Zeitgemasse Herstellung, I?earbeitung, und Verzierung des feineren 
Hohlglases, by R. Hohlbaum, 1910. • 

i>ie Bearbeitung des Glasoa auf dem Blasetisch, by W. Lermantoff. 
Schmelzen und Krystallisiereij, by G. %mmann. 

Die feuerfesten Tone, by C. Bischof. • 


The following catalogues and periodicftls may usefully be con¬ 
sulted :— 

Catalogue of works on glass in the Library of the Society*of Slass 
Technology. ^ * » 

Catalogue of .works on glass in the Library of thg English Ceramic 
Society. 

Catalogue of works on glass in the Public Reference Libraries of 
Birmfhgham, Leeds, and Manchester, 1913.* 
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Catalogue of vfcrke in the Patent Office Library dealing with" Ceranflca 
and Glass, 1914. 

‘ Sjkechsaal Kalendar, annukl volumes. 

Periodicals :— 

Die Glasilcdustria. 

Sprechseii. 

Glashiitte. 

Diamant. 

Silikats - Zeitschrif t. 

^Keraihische Rundschau'. 

Tonindustrie Zeitung. c 

Journal of the Society of Glass tychjiology. 

Transactions of the Optical Society: 

English Ceramic Society. 

6 American Cetamic Society. 

References to other scattered papers, etc., and to additional French 
c.(,d German literature, will *06 found in the works cited above. 

Lists of formula- for various glasses have recently been, issued by 
the Institute of Chemistry *. Others are supplied confidentially. 

'On the important question of glass-sands, less rstill has been 
written; indeed, the literature may almost be said ttf be non¬ 
existent. In very few countries do we know the properties, 
quantity, and workability of the sand-resources generally/ and 
little of tjiis knowledge concerns glass-sands. t 

No thorotigh discussion of the properties and desiderata of 
glass-sands is known to the writer. Scattered notes are to be' 
found in publications of the Geological Surveys of the United 
States, Denmark, etc. These are referred to in their appropriate 
places hereafter f. . c 

The dearth of literature upon glass-sands in this country is 
■doubtless due to the fact that before 1914 manufacturers of 
glass in the United Kingdom used large quantities of foreign 
sands, notably from France, Belgium, and Holland. The use 
of such imported sands, frequently to the entire exclusion of 
our own resources, was due tq two main causes: in the first 
place, the sands were generally purer than the obtainable British 
sands, and, in the second, the cost was less, particularly when 
foreign sands were brought back as ballast on a boat’s return 
journey. The latter state of affairs arose because the British 
supplies of sand were frequently situated inland; thus the cost 
of transport by water from abroad was less than that by rail fjfom 
one part of the country to another. So little has Britain investi¬ 
gated and relied upon ( her own resources of sand, that it is not 
surprising to find a German writer upon glass-making declaring 
categorically in 1885 tlfkt the English sands were iron-bearing, 
while only those of the Isle of Wight were considered worthy of 
mention? Ijj is stated that the English obtained’glass-§and from 

Proceedings,alpl5> Partasii., iii., & iv. 

Since the above was written, there has appeared a'disonssion of the 
glass-sands of the U.S.A., by Fettke, Trails, Amer. Cer. Soo. 1917, yol, T9, 

page 160. 
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loanee, * America, and Australia ! * Such statfments are hardly 
correct; for as far hack as 1858 Northampton Sands, Ashdown 
'an^. Tunbridge Wells Sands, Aylesbifry sands, Aylesford*sahds*,* 
Lynn ’ sands, Thaneta Sands, Bagsffot Sj^nds^ anti osiers were 
already in i*e t. ' • • • • , * ' 

* Tscheuschner, the German writer referred to above, mentions that 
glass-sands wei$ obtained in* France from Main tenon, F oi^ainebl’eau, 
Nemours, and Champagne; •and in tl^ German Empire from 
Nievelstein in the Rhine province, H^henbocka in Prussia,Valid 
Lemgo in Westyhajia* 

V* 

Raw Maierilfjs : Importance oj Sand .— The various kinds of 
glass may be regarded as mixed silicates (an!t, to a smaller extent, 
^borates) of the alkalit*, Sodium and potassium, the alkaline earths, 
palcium, barium, magnesium, etc., # and lead, iron, zinc, and 
aluminium. ^ 

Probably the silicates, nnu u^iues are in a state of 

mutual solution in *one another; but, just in tlyc sai^e way as 
much* dispute exists among petrologies as to the combinations 
into w r hi<}h the various elements entai^in a natural molten rock- 
magma (of which a natural glass such as obsidian is only a 
solidified form), so authorities on the chemistry of glass are by no 
inean^*agreed upon the actual compounds formed. Tlgj geologist 
is mainly concerned with the fact that the finished product, glass, 
consists of 60 to 75 per cent, of silica, which is contributed 
to tlfe raw mixture in the form of a sand. 

The “ batch ” or mixture of raw materials such as sand, soda- 
ash (Ka.COJ, salt-cake (Na 2 SOJ, potash (as K a CO, or KNO s ), 
limestone (CaCO,). replead (PbpJ, manganese dioxide (Mn0 2 ). 
coke or anthracite (C), alumina (A1,.0 ( ), boric anhydride (B 2 0 3 ), 
barium carbonate, # ealcium fluoride, etc., according to the kind of 
glass required, usually consists of 52 to 65 per cent, by weight 
of sand. *A small amount of sjjica is sometimes added in the 
form of felspar; but the percentage of silica is increased in the final 
product (which, when molten, is termed “metal”), as a result 
of the loss of such gases # as S0 2 , C0 2 , etc. The silica-percentages 
in some well-know r n glasses are as follows:—Window*53 per cent., 
lead flint 53 per cent., soft *oda (chemical laboratory ware, X-ray 
tubes, etc.) 54 to 56 per cent., green bottle 57 percent., miners’ 
lamps 59 per cent., combustion tubing 60 to 62 per cent., plate 
-62 per'cent., resistance (very like tTena) 63 per cent., soda-lime 
(Venetian) 73*4 per cent., potash-time (Behemian), 71*7 per emit., 
aid so on, the proportions varying somewhat in actual practice. 

‘In point of bulk, therefore, the sand is the most* important 

* * Handbuch* der Glasfabrikation,’ E. Tscheuschner ^Weiftar, *1885;, 
page 72. Analyses of various glass-sftnds are also given in Dralle’s 1 Die 
Glasfabrikation,' ant of German glass-sands in the ‘ Sp^chaaal Kalendar ’ 
(e. g. 1916). * 

* f Mineral Statistics: Mem. Oteol. Survey (I860, being Part ii. for 1858), 
jage 374.» 
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ingredient, and rth properties influence to a large extent the 
character of the glass obtained. 

As emphasizing the bearing of the sand used upon the. qualities 
of the glass, wm etam/le given by Hovesfadt may be quoted, 
ihsrmemetei-glass, made in the Thuringian Forest district, owes 
its special quality to certain sand found only in the neighbour-' 
hood of th«* village of Martinroda. The glass' withstands repeated 
meltjpg, blowing, and fusing without change; while ordinary 
glass, such «Ss that of windows, becomes rough and dull of surface 
even after short exposure to the /lame." Other sands are .believed 
to be unsuitable, especially the,/rare sand from, lirandenbi.ro 
The cause of excellence is attributed to the alumina present, 
which forms TOO per cent, (page 21, Everett's translation). , 

The raw materials used in glass-manufac'tuie may be conveniently 
grouped, from the geologist’,- point of view, into two classes'.-, 
(fl)Jtocks and minerals such as native silica (in the form of vein- 
quartz, sands, sandstones, or quarftites), felspar, kaolin, liine,stone, 
anthracite, iiuoirpay, cryolite, etc., which are used, except perhaps 
tor washing in the state in which they are won ; and [b) Chemical 
products which have been prepared l-roni naturallv-oeeurring sub- 
?tanees ; Among the latter are salt-cake, soda-ash,' borax and b*ne 
anhydride, potash, alumina, arsenic, and eompmmdsof lead, barium, 
manganese,«cqbalt, chromium, nickel, zinc, and other metals.' i 

The lesources of silica, potash-felspar, and kaolin are referred to 
in the following pages. No difficulty exists in obtaining fairly 
pure limestone (that from Buxton in Derbvshire is most widely 
used) and anthracite. Cryolite is indirectly imported from Green- 
lan<1 and d° es not occur in the United Kingdom, nor is it known 
to occur in the British Empire; the resoivces of fluorspar have 
recently been dealt with in a publication by H.M. Geological 
Survey *. ‘ 

Of the second group, the minerals from which potash can be 
obtained are mentioned hereafter. British resources of alumina 
have vet- to be described in detail. Those of barium (as barytes 
and witherite) and maf.ganese ores have been dealt with by 
H.M. Geological Survey t. Ores of arsenic and zinc occur in 
Great Britaih, but the resources have not at present been syste¬ 
matically described. 1 he minerals winch yield boron compounds, 
cobalt, chromium, and nickel are imported from abroad, and am¬ 
used in small quantities only. 1 

^dolour etc. of He Glass. —Upon the sand depend the trans¬ 
parency, brilliancy, lustre/ and hardness of glass. The uniform 
density of ,gla9s, as will be seen in tfie sequel, is influenced to no 
small extent by the mechanical composition of the sand. In 

Special Reports ,on the Mineral Resources of Great Britain, vol iv 
Fluorspar; (1916). 1 n 

f Ibid. vol. i., Tungsten and Manganese Ores; vol ii., Barytes antf 
Witherite. 
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order that the finished article may have plenty of “life,” and 
.the sparkle and “ water-whiteness ” of«the best glass, due afteiition^ 
rrHist.be. paid to obtaining, and treating suitably, the sartd itself. 

'For optical glass and table-ware crystal* and* 1 Ait-glass ”). 
.only the purest sands can.be used. • • 

Where the glass is blown or rolled into thin sheet#, as in* the 
making of laboratory-ware, jjunp chimneys, incandescflit electric 
gloBfcs. window-glass, etc., the requiremlnte are not # so’ exacting, 
but the sand must still Unfairly pure.* The light passes through 
onlv a •small thjCkness o'finghres, jvhich, although possessing a 
Might colour \\\cn seen in a thick mass (sometimes a faint green 
due to the sniill quantity of iron in the sand, at others a faint 
pink.duc to manganese.which lias been added in the form M 11 O 
*hs .1 corrective to the iron), appears colourless and has plenty of 
•life in the attenuated state. The colour may then be observed^ 
looking at the object “ edge-on,V that is, through a much greater 
thickness of material. * 

While onty the merest trace of iron impnr*ty*in tlft sand* is 
permitted for optical and cut-glass.‘less pure sands containing 
OT per tent. of Fe.,<>, may’be used for plate-and window-glass, 
chiSnical apparatus, globes, etc. * 

Small quantities of iron or other impurities are sufficient to 
detnftt from the lustre of table-ware, or to spoil *lft power of 
transmitting light possessed by lenses and prisms of optical glass. 

CtAoured glasses are prepared in one of two ways, the more 
common being that of adding a chemical compound to the batch, 
and thus obtaining either a coloured silicate (chromium for green 
glass,*cobalt for blue, etc.'), or reduction to a very finely-divided 
metallic state (copper 9t gold for ruby glass). The other method is 
known as “ flashing,” and consists in covering the surface of 
colourless glass with a very thin coating of a coloured material 
(e. y., copner or gold ruby glass, which is opaque when only („ inch 
thick). Li either ease, 'to obtaiif purity of colour, it is essential 
that no amount of impurity such as iron should be present. 

The Proem of Glass-making—The manner in wjjieh the batch 
is melted to form the glass^has also a bearing on the Hind of sand 
used and its physical properties. Two different .processes are 
adopted. The batch nay he placed, in open or closed “ pots,” or 
crfteiblps, which stand ’upon a ki*id of “ false-bottom ” in tht 
furnace. This floor is known a* the “siege.” (Fr. siege) ^and 
has “ports” or openings in the middle (or in’the end and sky 
walls of the furnaces), by which the Seated gas and, air enter 
playing around the pots. 'The pots are arranged around th< 
peripheHf of the furnace to facilitate the extraction of tjjie moltei 
“metal” from them as “ gatherings" upon the’glass-workers 
iron rods or blowfcig-irons. Melting of Jhe batch from the botton 
upwards is en’sured as far as possible. For ordinary glass-work 
fepenpots were used; but for special ware, indeed for most purpose 
nowaday, impurities are kept out by usiifg crucibles covered wit! 
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a hood, “ gatherings ” being taken through a mouth-like opening 
. at'thefeide. *• 

In the* tank-furnace, the* batch is melted in a lon§. batlf or 
tank constructed frorq nlocks of highly refractory siliceous sand¬ 
stone.' Much larger quantities of material can be dealt with in 
this wav;,* for, besides the larger capacity, the process a* con¬ 
tinuous one, the batch being fed <>n at one end' of the furnace 
(tibtng-b'ol^) and the lfietal being continuously drawn froi^ the 
other, and'Cooler, end of the tank (workiqg-bole). ‘ Special and 
best quality glass«s cannot be this maniler. The tank is 

not covered, and the mixture <fr burning gas rind air, forftfi'n'g 
sheets and jets of flame, enters’ through ports Til the side-walls 
above the surface of the metal. < , • 

When tile fusion of the batch is complete, the metal is freed 
{join bubbles of evolved gasks ai)d entangled air by means which 
vafy according tef the kind ofcglass made arfd the craft of the 
glass-maker. This procedure is laioijn as “ filing.” , ' 

Che pots art- Usually made of fire-clay (or of fhc-clay anixed 
with other highly rcsistafit materials), and are very carefully 
prepared. The floors, sidef; -and crowns of the furnaces* are con¬ 
structed from highly refractory silica-bricks and fire-bricks (R. g., 
Dinas. Glenboig, and Stourbridge bricks, etc.), but frequency both 
pots and lTrh’ks are partially melted in the intense heat obtained 
in the furnace (1500°-1G00° C.). Most furnaces are now built on 1 
the regenerative, and some on the recuperative, principle, by*which 
the hot spent gases issuing are utilized to heat the incoming mixture 
of gas and air. 

For the respective advantages of each kind of furnace, reference 
must be made either to books or glass-makers. Briefly, it may be 
said that for special glasses, where covering of the metal is essential, 
when considerable time is occupied in complete fusion .and mixture 
of the constituents, when they must be kept together lqng enough 
to combine, and where accurate regulation is required, the pot- 
furnace is more suitable. When large quantities of less pure 
glass are required, maximum space and heating are to he utilized, 
aftd time ^ved by continuous working (for pot-furnaces must 
cool down and be reheated, and pots fad and need renewing) the 
tank-fumacejis better. The level of the metal is kept fairly con¬ 
stant, and therefore convenient for the withdrawal of gatherings, 
in a tank-furnace; while th# glass left in the bottom of a pot 
frequently becomes “ cordv ” or “ wavy ” on blowing, and rarely 
ds as good, or of the 'same composition and properties, as tfytt 
already used from the pott 
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CHAPTER V. 

The).Reqoirements of a good Glass-Sand^ 

Tfte sand hitherto used in this country for all the tost kin^s of 
glass-work is* that of^ Upjfcr Oligocene age from Fontainebleau, 
near Paris. It it shipped fms Reueu and delivered in Britain at a 
ISiMV cheap rat\ Since the outbreak of war, manufacturers have 
found considerate difficulty in getting it through, owing to shortage 
of barges and labour, apd the dislocation of trade. Enquiries 
•were tlierefore made for suitable substitutes from the geological 
formations cropping out in Britain, vtith the results given lateral 
this Menjoir. 

§ CJiaracty-s of fiontaineSleau Hand. —As a glaRs-sarlO, that, of 
Fontainebleau nearly approaches perfection*. If, therefore, we 
look intotits properties in some detailpwe may hope to realize the 
destlerata of a iirst-class glass-sand, and know what to look for ik 
any otjier deposits exploited for glass-purposes. 

(a f General Characters .—To the unaided eye, tiif sand is a 
beautiful white, fine, even deposit. With a hand-lens the sand 
appears to to composed of water-clear quartz, and only here and 
there a few dark grains are to be seen. Unless the sand has been 
washed after its arrival at the works (and for all special glasses 
for optical purposes and table-ware it is usually washed carefully), 
a little dirt and occasional specks of black coaly matter may be seen. 
Such impurities are. of course, adventitious, and obtained from 
trucks and purges in course of transit. The grains have no coating 
of white ckvey matter, as many sands have, their white appearance 1 
being due to the ordinary refiectioif of light from irregular surfaces 
They are almost invisible under the microscope when mounted in 
media such as clove oil, Canada balsam, (Rc., the refractive indices 
of which lie very near to that of quartz (Plate Il^fig. 1). The 
grains are free from the paje yellowish or brownish costing of iron 
oxide so frequently seen in sand. . 

(b) Chemical Composition .—Chemical analyses (see Table VI.) 
sh&w tjiat the sand contains 99135 V 99'97 per cent, of silica, and 
therefore must be composed almost entirely of pure quartz. Only 
^small quantity of iron oxide is present * henc% glass made frogj 
the sand is practically water-clear (provided, of course, np colouring 
compounds are added). The'alumina percentage is verwlow, being 
probably accounted for by the rare grain or two of fqjspa# seen, 
and by'the few heavy minerals present. Lime and magnesia are 
practically absent. 

*■ * The sand frop; Lippe, in Saxony, in slightly purer, but Fontainebleau 
Band being better known in this country, has bean selected for description, J 



40 


BEQUMJSMEOTS OF A GOOD GLA8S-SAKD. 


Chevtical Analysis of Fontainebleau Sand. 


Derby'Glass Works. Barnsley Glass Works. 
SiO, 

Al a O, 

Mi 

CbO 

W> 

Lose on ignition 


Totals . . 


J9-67 

99*80 per cent. 

0-19 

•0-13 

0-0(12 

0*006 

0*14 

trace 

none 

n. d, 

0-18 

0*18 

f 100*182 

^100*116 per cent. 


(c) Mineral Composition.— I^itamebleau sahd. like manyoth'ir 
very pure quartzose sands, contains less than 0*02 per cent, of' heayy 
minerals, which is l>elow the average for all sands. In this heavy 
crop, of density >2'S, the minerals present are clean and fairly 
coarse in grain. They include 


*- 

magnetite, in ^regular black grains ; 
zircon, in slender prismatic crystals ; 
rut^e, as p-regular foxy-red grains; f 
ilmenite, altering to leucoxene , 

tourmaline, blue and brown, in somewhat rounded prismatic fragments ; 
staurolite, m golden yellbw angular grams, 
andalusite, as small clear pleochroic grams; 
muscovite, in larger flakes ; 

kyanjte, in almost rectangular well-cleaved fragments; 
limonitb, etc. 


From the chemical composition of these detrital minerals it is 
seen that silica is present in some amount, and that small quan¬ 
tities of iron, aluminium, titanium, magnesium, zirconium, and 
boron occur. The proportion of heavy minerals in the sand is so 
small, however, that oven with the large b&lk of sand used for the 
batch, the aggregate amount of impurities is slight. 

(d) Mechanical Composition .—The evennefes in grain of the 
sand (to the eye) has been commented upon, and gnechanical 
analyses determined in elutriated like those described in Chapter III. 
are : 


i 


I , 

Diams. \ 
iin mm. J 

eg. 

>0-5 

& <J- 

MS. 
>0*25 
& <0*5. 

FS. 

>0*1 j 

&<0*25.| 

s. 

>0*01.. ! 
&<0*1. ! 

L 

C. 

<001. 

i s. 

Total sand-grade: 
j >0*1 & <1 mm. 

1 

2 .. 

c 

<0-1 %| 

i 1 

70*6 % 

70*3 

26*6 W 7 

1 

28*3 J 

2*8 % 

0*6 

' 0*0% 

0*8 

97- 2 % 

98- 6 

- .e 


1. Obtained'by the kindness 1 of Mr. Frank Wood, Managing Director of 

Messrs Wood Bros., Glass Manufacturers, Barnsley. ( 

2. Obtained by Che kindness of Mr. S. N. Jenkinson, Managing Director of 

the Edinburgh and Leith Glass Co. Ltd., of Edinburgh. 

A suitable method of graphical expression is by means of & 
curve, as in Figs. 9, page £2, and 10, page 50. Practically grains 
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occur with diameter above 0’5 mm., and very few sfe below 01 mm. 
diameter (see Plate III. fig. 1). f - .. 

(%) Shdpe of Grains. —Lastly, as’regards shape, Fontainebleau 
sand* is made up of grafts consistently subanjfular* To^vhat extent 
the rapid • an<? even meltiflg^of the batch depends upo/P the shape 
of the* grains of sand is a disputed question, but it is dear that 
.such a sand as tfiat of Fontainebleau, the grains of which Vre all of 
simila* shape, is preferable to ofle containing a mixture of anguhir, 
subangular, and rounded fragments. • • * 

(f) Ecqnomtcsr-l n ‘addilfiy^ tp the recomniendation afforded 
by«oh#mical puri^v,"evenness of grade, and suitability*of size and 
sh^pe, Fontainebleau wind can be trails]>orte<i cheaply and con¬ 
veniently to most British glass-making districts. This is due to 
tfce insular position of Britain, and to the fact that the sand can be 
directly shipped, from Kouen, and with-it further handling may be 
discharged high up tjie estuaries w^icli notch ourjndustrial areas.** 


Requirements of Glass-Sands 

Up to the present time mc&t man lecturers and writers have 
been inclined to emphasize the importance of chemical analysis, and , 
«to demand a very high standard of purity in the sand. Experi¬ 
mental *\tork carried out since the opening of the war Intended to 
^pdicate that fairly pure British sands can be used with success for 
• much good flint-glass work, thus tending to destroy the fetish of 
“ nothing but Fontainebleau.” Indeed, a few of the managers 
who have studied the technique of their work place the question 
of the evenness of grain of their sands on an equality with, if not 
above, that of very high ^silica and very low iron-content. In the 
manufacture of glass other than that for optical purposes (where 
exceedingly pure siyids are sometimes required) the mechanical 
analysis is of great importance. 

1. Chemical Composition .—From the chemical point of view, 
sands for glass-making should have a very high silica-content, pre¬ 
ferably over 98 percent., and for the best work over 99*5 per cent.*** 
they should have a low iron-content, for the best glass-ftork below 
0*05 per cent. Iron is always present in the heavy detrital minerals, 
as magnetite, limonite, or iimenite, or in the form of silicates, etc., 
but %ince the heavy crop *in a suitable glass-sand is always less 
than 1 per cent., it is not the iroi; so present which determines 
the suitability or otherwise of the sand. Even ^uch a very ptfre 
san% as that from Fontainebleau contains a proportion ,of dense 3 
minerals, but its low iron-percentage is due to the absenqp of any 
coating of Jimonjte (hydrated iron oxide) or hematite (Fe a O a ) ^pon 
the quartz-grains. This iron-stainyig in sands, whichP is tne cause 

* See chemical analyses in Tables. In addition to these, Hohenbocka Band 1 
is %aid to contain 99’71 percent., and sand from Nievelstein, in the Rhine 
Province, 9907 per cent, of silica. • 
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of the rejection%f a large number of English samples, usually exists 
on IjJje outside of the quartz and felspar grains, but is sometinjes 
seen inside, due to subsequent growth of quartz after deposition of 
the pejliclsof iron ofide. Inclusions of rervugihouj material also 
cccur in • |utrtz and felspar, having been caught up and enclosed 
at the time of their crystallization. 

The i(*on-percentage should therefore always be low, but a small 
amount present in the*sand need not render it unsuitable, pfovided 
the mechanical analysis Ms satisfactory, for much good glass-work, 
such as lamp chimneys, globes, hrhdnttory-wpn, etc. ,The green 
or yellow cdlour due to iron fflSy lie corrected />y the addta* of 
decolorizers (including oxidizing agents or oxygfti carriers) such as 
manganese dioxide, white arsenic (As/),), nickel oxide, selenium, 
etc. ' “ , . 

. Glassy rocks, such as cbsidian, taehylyte, etc.* which are pro¬ 
duced by the rapid cooling of igneous magmas, similarly owe their 
dark green, black, or brown coftur to the presence of compounds of 
iron, ahnnina, lime, etc. Similar '• black * or dajk grecj.i bottle- 
glass may obviously be made from impure sands. 

In consequence of that demamT'for a high siliea-pertentage, the 
sands used are almost entirely composed of quartz-grains* The 
presence of felspar-grains in a glass-sand is desirable for many 
purposes*tut, unfortunately, it generally means an increase in iron 
and other constituents. The usual method, therefore, of obtaining 
the required amount of alumina and alkalies is to add pure .felspar,' 
alumina, and salts of potassium and sodium to the batch. Sands low 
in iron are for the greater part very free from other constituents 
also, rarely containing, except as traces, substances otBer than 
alumina. To yield the proportion of alumina required for certain 
glasses, a sand consisting of 40 per cent, to GO per cent, of felspar 
would be required. Such sands, if they are to be free from iron 
oxide and certain other substances, are very rare, anS t indeed could 
only result from the denudation of such a rock as a very pure 
quartz-porphyry or a pegmatite, with no admixture from any other 
source. In Chapter >Y. (page SO) the Thuringian Forest sand, 
.bearing 3'66 percent, of alumina, was mentioned as being especially 
suitable fdr the making of thermometer-glass. 

Calcareous sands are of frequent occurrence, but are to be 
avoided, 'the calcareous material is often sporadic in its distri¬ 
bution. The Fontainebleaq. deposit is' well known to geolSgists 
for the beautiful steep rhomljohedral crystals made up completely 
of sand-grains, just demented by calcite into the crystal shape. 

' The sand used for glasa-work is selected free from this calcareous 
materia^ but occasionally the supplies received in Britain contain 
a f%w cjialk-eemented balls. These are objected, to when found, 
but usually%ll the consignments are similar in their purity and 
remarkably true to sample. Other impurities ulso tend to occur in 
.calcareous sandls; and lime itself is ,an undesirable constituent in 
aandg used in the manufacture of ceftain .kinds of glass. 
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2. Mineral Composition .—The mineral composilfon is useful as 
giving an indication of the relative amount of heavy det*tab 
raineflbls .present in the sand, and the* quantity of quartz and 
felspar in the ^lighter, crops. Sands with llrge •crops^of* heavy' 
minerals can only he used fpr rough bottl^glass. Indications ofr 
the pretenoe in quantity of .minerals other than quartz? are, of 
course, yie.lded by the chemical analysis. Mineral analysis fe, how¬ 
ever, a Shorter and less tedious process, and 4ike the spectroscopy 
examination of sands, reveals ■fclie presence* of small quantities oi 
the less conwnon elements! Naturally-panned sand*—namely, those 
in \#M(?h the heavier minerals have%een concentrated a*a result of 
oscillation produced by currents of wind or watei»-must be avoided, 
even if, as in some cases, tlyy are white and clean-kK)king. Iron 
minerals frequently make up a considerable bulk of a heavy residue. 
Sometimes, by the combined effects of «vind-action and screening, 
by vegetation (as in some of the Irash dune- and»beach-sands), * 
•kind of viinnowipg action takes place by which they may be purified 
locally from hqpvy minerals. iVTost of the British *mdsf)f thi^ 
character are made up of mineral material derived from many 
sources, ancfr while yielding interesting mineral assemblages (in¬ 
cluding micas in English, Scotch, and Irish samples, although 
JR-etgers states that these minerals do not occur in Dutch dune- 
sands) £re, in spite of being washed free from some#«dherent 
lffeionite and clay, of little use except for green bottle-glass work. 

* The presence or absence of certain minerals highly objectionable 
in glass-making may quickly be noted by mineral analysis. Zircon 
crystals ('ZrSiOj, if present in quantity, are very undesirable on 
account of their highly refractory character. They remain un- 
1 digested in the “ metal’* Titanium minerals such as ilmenite 
(FeTiO.J, rutile (TiOJ and its isomers, anatase and brookite (which 
are rarely abundant) %re also detrimental to the making of good 
glass. Titanium is always an objectionable constituent of the 
“ metal,” and' it so happens that ilnfenite and rutile, like zircon, 

are among the most commonly occurring detrital minerals. 

" • 

3. Mechanical Composition (see page 21 for description of« 
apparatus, etc.).—Elutriation is carried out on the assumption 
that the sediment is composed entirely of quartz, or of piinerals of 
the same density. Most sediments contain so small a percentage 
of heavier or lighter minerals, that thi error introduced by them 
is less than that due to experimental pauses. 

Mechanical analyses of glass-sands, includfhg m5ny from abroad ( 
which are successfully used in the trade,rindicate that the sand 
should have at least 70 per cent., and, if possible, mojre than 
90 per cen#., of orte grade, and that this grade should be jn most 
eases medium sand, i. e. with diameter between 0*25 ^hd 0*5 mm, 
(0-01 to 0-02 inch). ♦ Although a “ mediunj” sand in .the geological 
sense, it is a fine looking material to the eye. If me true “ fine 
safiff” grade, 01 to 0'25 mm. diameter, forms the bulk of the deposit, 
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so much the better, but such sands are not abundant in the British 
Islts. A distribution of the bulk of the sand over thes,e two grades 
is also not very objectionable, although glass-makers - naturally 
prefer stance of size. Grains over f l inm. diameter in a sand 
*-reduce its value consu^rably, and it is best that none should have 
a diameter greater than 05 mm. diameter. If the extra expense is 
not prohibitive, a pure and fairly well-graded sand maybe sifted by 
screens to rid it of grains over 0-5 mm. diameter. Of the few sands 
used in glass-making, containing thfe coarse grade,'we may mention 
that from Leighton Buzzard-in ''Bedfordshire \ Lower 'Greensand). 
The sand as supplied has been’'washed, and contains 2LG pe? tent, 
by weight of diameter between 0 5 and 1 mm./and 74 - 8 per cent, of 
diameter 025 to 05 mm. The latter grade is suitable and its per¬ 
centage is fairly high, but it would be desirable if the other 25 per 
cent, were of the next smaller, and not the next larger, grkle, 
as in the case o* Fontainebleau sand, where" the portion >0*3 mm. 
diameter = 01 per cent, or less, >025 and <(Kj mm. ^ 70G per 
..cent., a.nd } Ol and < 0*25 mm. = 2GG per cent 

If the “ batch ” is ground tine before being melted the question 
of grade-size in the sand is obviously not of such inoment, and 
high percentage of silica and low percentage of iron are the 
desiderata. Leighton sand was used in this way by one firm making 
chemical glass-ware, but it is doubtful whether much Advantage 
accrues from the grinding except in the case of the best glass¬ 
ware. The extra expense is considerable. 

As the Tables indicate, there are many British sands of which 
the mechanical analyses are similar to that of Fontainebleau 
sand. The regularity of grade of blown-sands in various other 
parts of the world has previously been ‘'commented upon, and the 
same holds true for British dune- and shore-sands. Although 
the evenness of these sands, due to selective transportation and 
deposition of material, renders them very suitable for, glass-making, 
the colour, as previously remarked, shows the presence of too much 
iron and heavy mineral residues for the sands to be used for other 
than common hottle-^lass. Butch and Belgian sands imported into 
this country vary considerably in character. They are uniformly 
high in 'silica (some varieties containing pink quartz) and are 
used for qther purposes, as well as glass-making, on account of 
their refractory properties, The colour and iron-content vary 
somewhat, but the grade-aralysis, although variable, usually'shows 
a high percentage (over 90) of the medium-sand grade. These 
are good all-round sands, and the nearest English equivalent in 
mechanical composition is the Lower Greensand obtained- from 
near King’s Lynn, in West Norfolk (Sandringham Sands). Many 
qualities of this sand are supplied, and the best has k colour and 
low iron-cdntent equal to those of the best Belgian sand, as well as 
a high percentage (95 f per cent.) of the desiftble grade. Further 
notes upon thl various qualities will be found under the remarks 
upon this source of supply. 

British sands with £ high percentage of the grade offline sand’’ 
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include those of the uppermost Thanet Beds from fte well-known 
Charlton pit in Kent, and the Kelloway B#ds of Burythorpe, near 
Matto^, Yorl^shire. The fineness of their dominant* grade and its 
high percentage (nearly K per cent. diam. > If I and <0?25«i}im.) 
are advantageous. ” • • * - 

In the t Tables the cumulative percentage <$ all the sandsgiades- 
(>0'1 and <1 mill, diameter)’is given in a separate eolurftn (S). 
This should approximate to 10(7 per cent. or glass-sands, and 
rarely be less than 95 per cent. .The grade of diameter > 01)1 mm. 
and < O' 1 is best termed the *^!gg)»de, but actually the coarser 
•materifliof this graje Is a superfine Se.ml. It is therefore Sometimes 
desirable to estimated in two portions : ) su purlin* sand of diameter 

>0'05 min., (h) silt of diameter <(C05 mm. Certain deposits, 
for example, arc certainly* sands, but contain a high percentage 
of tjie grade >0 01 and <0T mm., the grains imposing which 
are mostly above 0'0o # mm. dianieteit Such arc %• sands of the 
inferior Oolite from Brid]X>rt. Midf*>rd, Yeovil, the Cotteswolds, 
etc., which show* a renfarkable uniformity of grailt* ewer a* large 
area. * . 

These Inferior Oolite Sands air unfortunately yellow in colour, 
Containjnucli iron oxide, and heavy crops of dense minerals. They 
aij; occasionally calcareous, hut blear rapidly to fine white micaceous 
sands on pfenning with dilute acid. Their use for glass ^purposes 
is .therefore at present ruled out. Sands of this extremely fine 
ga’ade are rare in the British Isles. 

SandsTo be used for glass-making should not contain much of 
the silt-grade. The clay-grade, of diameter < 0 01 mm , certainly 
should be. absent. The percentages shown in the tables were 
estimated by difference i sea page 2d). The figures in this column, 
therefore, include hygroscopic water fsome of the samples were 
air-dried at first, and jll the grades were dried at 100° C. before 
weighing), dust'accumulated by exposure and during transit of the 
safid, the limifcitic coating on grains -in some cases, and films of 
soluble or other salts (<?. g. sea-salts in the dune- and -shore-sands). 
Probably this grade is practically absent in most cases where it is 
recorded as less than 05 per qent. 

* Such sands as those of Triassic age from Worksop in Nottingham¬ 
shire, and Spital in Cheshire,*actually contain clayey and silty- 
material (including kaolin). Some of the clayey and dus&v matter 
coats the grains of quartz and felspar. The Tables indicate that, 
although they are fairly clean sands, they are not sufficiently 
well-graded to he suitable for the making of-other than common 1 
.glass# _ . 

Mechanical analyses of American and Danish glass-saqjls are 
appended forcompjrison (see pages 168, 169, 170). . 

i The use of pot- or tank-furnaces has an important bearing on the 
grade of the sand use4 for the hatch. \Vhen a poorly-graded sand, 
containing much fine powdery silica, is usdd in the batch for a 
*tani^fumaee, considerable loss due to “ blowing-out ” results. The 
other constituents such as compounds of the alkalies, which may 
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be in the fonts' of fine powder, melt more rapidly, an A so at% not 
• lost*. A considerably higher temperature must be attained before 
silica fuses ; fine material is-therefore earned away by the hjpst of 
'gas and rir before fit melts.. Not otily'does a real loss in bulk 
(..thus oceut, but the resulting composition of the batch is changed. 
When melting takes 1 place in potsj this loss by blgtyiijg-out is 
-obviated. Silica in a fine state of division in a sand is also open to 
•objection on other grounds. Air-bubbles entangled in the fine 
fhateriabare introducecHnto the “ metal ” from which they are re¬ 
moved only with great difficulty. , 'J'be fine partjeles melt before the 
coarser ories, and the resulting" metal sinks' top the bottom.-;. The 
density of the molten material thus formed ip not constant* and 
varies as the pot is depleted of its contents. If coarse grains are 
present,the batch takes longer to melt, orthese remain as undigested 
or partly digested lumps in the glass (“seeds" or “ stones ”j. 'The 
•results, therefore, of using pon-graded saijds are unsatisfactory. 
The value of such a sand as .hat of Fontainebleau lies in the way. 
in which tl>e \yhole of the hatch containing it passes smoothly into 
the molten condition at almost the same moment. Angularity or 
subangularity of the grams may contribute to rapid melting. 

No arrangements for stirring the metal exist in most furnaces.' 
The result of using imperfectly-graded sands is therefore the prp- 
ductionepf “metal'’ of unequal composition, texture, aitj, density, 
with consequent trouble in working. Clayey materials also tend to 
cloud the glass, and kaolin itself is highly refractory and formerly 
rendered unsuitable a sand containing it. 

The statement in an American publication (U. S. G. S. Bull. 
285, p. 454) that sand of diameter less than inch burns out 
in the batch, giving less glass, is not,borne out by British and 
Continental practice, where so much of the sand used is of diameter 
less than ^ inch. Sand of 20 to 50-mesh, advocated by American 
writers, appears to be coarser than British glast-manufacturers 
prefer to use. 0 

4. Angularity of* Glass-Sands .—The grains composing the 
sands in general use for glass-makingyin Britain are either angular, 
or suban&ular in character. Sands containing rounded grains are 
not popular with some glass-manufacturers—indeed, angularity is 
preferred m England. The most obvious explanation of the pre¬ 
ference for angularity seeing to be that the grains fuse more r&pidly, 
the process beginning at the corners and edges, the surface-area 
being greater, “volume for volume, than that of rounded grains. 
Some the Belgian sends are highly angular, having a sharjTfeel. 
Rapid (melting is desirable and sa"ves much time and trouble; thus 
both furnaces and sands are called upon to contsjbute Awards this 
end. 

* In many wgrks it is -found that alkali dust ancfnot silica is carried over 
into the fines and chokes them. Careful filling of the batch does much to , 
prevent the loss of fine material, but rajfidity of filling is essential. Dancing 
the batch has also been recommended. 
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S*nds eoinposed of rounded grains appear to be successfully usee 
for glass-making in America (see Plate V 4 tig. 2) *. ( , 

Im certain works where table-ware and bottles made qi flint- 
glassnav'e names and marks etched upon*then#by ^nd-hJasfi action 
the sand used in the blast as the abrasive is the same Fonfhineblean 
Belgian, Aylesbury, or Ly 11 ft sand as that Utilized in making tht 
glass. Besides its^narked angularity (so that its cutting pester mai 
, 0 $ as great as possible), a sand*for etching should be hard anc 
tough. For common purposes a highly siliceous, i. e. tyiartzos^ 
sand is suitable. Ij must be perfijctlj dry and of even grade (not to( 
coapg]^ in order tjiatfit may pass %eely‘ through flie fflnnels, etc. 
and not clog the^jets and stencil upon the ^sudden release oi 
pres*sure. If water-vapour is present the adiabatic expansion anc 
fall of femperature results hi its condensation, and clogging take! 
place. Some sands used for grinding gdate-glass are worked ai 
Leighton Buzzard ; others have been dredged from, the bed of thi 

(River Merssy. 

»• 

V*ariatio1l according to the h inds of Glass produced. 

For the commonest glass (fiottle-wate, etc.) the mechanica 
analysis is of prime importance. The sand must he well-grade 
and composed of suitably-sized grains. Greater latitude in chemica 
composition is permissible than with better-class glasKS. Th 
styca-percentage should still be fairly high, but low iron-content i 
•not so essential: it may vary up to 1 per cent, (as Fe 0,). Th 
presence of small quantities of titanium, aluminium, calcium, am 
alkalies is but slightly harmful. 

For all medium-class glass-ware, including the best bottlef 
chemical ware, globes, chimneys, pressed-ware, etc., both chemica 
and mechanical analyses are of great importance. High silica 
content (and for mwch laboratory-ware, etc., high alumina) am 
low iron-content are demanded. Other constituents, if present a 
all, should be -in minimum quantity. ’ Good grading is extreme! 
desirable, and the size of grain should not fall outside the limits o 
05 and OT mm. diameter. * 

For high-class glass-ware *uch as optical glass, table-gja,ss (whie 
is afterwards “cut”), and # other special glasses, the chemict 
composition is of prime importance, and the mechanical analysi 
often, but not always, takes a secondary rank. In the famou 
cut-gfesS table-ware industry of the Stourbridge district, the bate 
is not at the present time ground fine, neither do arrangemenl 
exist for stirring the metal; in consequence‘the grade, as well s 
the^jhemieal composition, must be of a high standard. For tl 
other ware mentioned, a high percentage of silica (and at time 
alumina) i* demanded, and little or no iron should be jrresftj 
As the batch is sometimes pulverizediand as stirring is occasional] 
adopted, the “ metaN’ being allowed to r^nain mqjten for a Ion 

*» United States Geological Survey, Bull. 285, 1906, page 454. See all 
Mineral Resonroes, * Sand aEd Gravel’ for 1915 andnearlier year^. 
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period, crushed Tocks and quartz, as well as poorly-graded sands, 
might be utilized. 

Summary 'The Ideal Glass-Sand. 

1 A perfect “ sand ' if. the geological sense, that is one composed 
entirely of grains belonging to one grade, which-should‘not be a 
coarse ohe, yields the best materia 1 for glass-making, provided that 
the chemical composition is suitable. As a general rule,’for all 
kinds of‘glass-work the iron oxide (Fe/),) percentage should be 
low, always milker 1 per emt., till higher limit 1 being permissible 
only for glass for the cheapest class of bottles. "As already stated, 
the sand used for the best varieties of glass, such as optical glass, 
best flint- and sheet-glass, best Bohenrai} glass, “ crystal ” table- 
ware, etc., should contain at the most only a few hundredths 
"('02 to '08) per cent, of iron oxide. Alumina, magnesia, aiid 
lime may lie present in sands in'the form of felspars, ferromagnesian 
and lime-bearing minerals, and calcareous cc,merit, but are required 
only for certain glasses. These bases are very refractory and 
lengthen the time takeidfor melting. Sands free from them are 
preferable, both because flic bases are required only tot refractory 
glasses, and then must be added in larger quantities, and because 
the presence of minerals containing them in sand usually means 
also the'"presence of a prohibitive quantity of iron. The'specific 
properties of optical glass are altered by the presence of such 
impurities in the sand. 

It is found desirable, therefore, to rely upon the sand only as a 
source of pure silica, and to add other bases for the purpose of 
making the various kinds of glass desired. 

The ideal sand for the best glass-making is one with 100 per 
cent, silica and composed of angular grains all of the same size, and 
of the grade known as medium or fine sand. f Such,a perfect sand 
has not at present been discovered, but the ideal is approached bv 
a few sands, including those of Fontainebleau in France (99'7 
per cent, silica), Lippe in Germany (99'.8 per cent, silica), and 
Berkeley Springs in the U.S.A. (99-05 per cent, silica). Sands 
from Lippe^and Berkeley Springs are described in Chapter XI. 
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CHAPTER VI. 

British Sands suitable for Itlass-makincx 

^<4 Tables of ^hdlnieal ana me^panicai analyses on pages 154 to 
170 give an indication, in the light of what has been said before, as 
to flow far British sands may he used to replace fhose imported from 
abroad. In the first pla«e,*there does not apj>ear to exist,^my where 
in # the British Isles, a sand so suitable, from all points of view, for 
the making of 'the best kinds of (glass, as those from Lippe ancN 

# Fontainebleau. TheDest sands front Aylesbury m Buckinghamshire 
and from Fairlight in Sussex are^qual to Fontainebleau^sand*and the 
sands titan Huttons Ambo and Burythor^e in Yorkshire, and othef 
places, are certainly as good as much of tjie Belgian sand imported. 

• Lym^ sand, at its best, is also equal to much of the Belgian 
jnaterial, and is superior to some of the Dutch sand. The same 
remark^%pply to Hods tone and Reigate sands (Lower Greensand, 
Surrey), but the deposits are irregular. A large number of British 

, sands, especially dune- and shore-sands, are less pure, but are well 
suited the making of common bottle-glass. Mechanical analyses 
of some representative examples of these are given m the Tables 
on page# 165. 

i The writer is unable agree with Dr. W. Rosenhain, who, in 
the Cantor Lectures before the Royal Society of Arts in 1915, 
said: “ In this respect [L e., suitability of sands] glass-makers in 
England are unfavourably situated, since there are at present no 
^ery suitabl#.sands available in this country. Whether exhaustive 
search might lead to the discovery (ft a suitable deposit is doubtful, 
because a large number of firms have alijpady sought for good 
glass-making sands, and filial it difficult to supply 1 even the require¬ 
ments for ordinary window (sheet) glass.” Necessity, exploration,, 
and experience under war-c<fnditions has resulted in the use of 
large quantities <# British sands for all kinds of gla& of better 
quality than window-glasa The statement is also an exagge¬ 
ration of the difficulties which existed before 1914. 

Analyses and notes upon some imjfortant foreign glass-sands a*e 
gi\^n in Chapter XI. for purposes of comparison. A few mechanical^ 
analyses are graphically expressed in the curves of Figs. 10 and 11 
(page 50)* 

No attempt Has been made in the following pages <b treat 
exhaustively British resources of cofnmon sands suitable for dark 
bottle-making. *3uch supplies are abundant and ubiquitous, and 
caa he found at no great distance from the works. i 

The descriptions are given under the heads:—A r Purely siliceous- 
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,Fig. 10 .—Mechanical Analyses of Glass-Sands : Foreign. 



Fig. 11 .—Mechanical Analyses of Glass-Sands : British. 

I00°4i_ c __ 



—* Grade Size* (diameter in Midi metre*) 


* AYLESBURY SAND. 


materials, including (a) sands, (b) crushed roJks; B. Siliceous 
■deposits carrying (a) alumina, and (b) alumina and potash 

A. Fi'miiy Siwcaors Deposits 
( a) Sands. 

$ “'Aylesbury ” Sand. 

Work'd hy .The AvIcsIjumf Sand Company. Manager, Mr. *J. 
Arnold (Qffiees, S2 St. Paul'^lioad, Cpmden Tovjn, N.W. 1). 
mUjtjis. —Geological: Old Scried 1 -inch, Sheet 40 S.*VV. 

„ (i-incln Buckinghamshire, Sheet B‘2 JST.W r . 

S/tifjition.- - Lot. 51° 48' 22", Lon<f. 0° 52' 5" W. 

. The quarries occur Jt Stone, three miles west of Aylesbury, 
'blit- sand is alsij exposed in the “ Windgiill ” pit, hut is not workeji 
there to any extent.. 

Formation .—Lower Greensand. 

DrsyiptioiF .—White seams*of pure sand. suitaiileJor tient-glagf, 
work, extend to a depth of about eightenn feet. Working is then 
stopped by* water. Peaty hi el •ferruginous bands occur, and since 
the {teams of white sand are not very thick (four to six feet) or 
■ persistent, working is rather difficult. It is not easy to ensure that 
successjte consignments conform to the highest standaijhof purity 
peg with, and variability is abhorred by glass-makers. The 
whiteness and purity may he connected with the peaty bands. 
The colour is good, the best Aylesbury sand being better than 
Belgian, and selected samples being equal to Fontainebleau sand. 
Washiifg does not improve the colour of the best sand to any 
extent, but a second-quality sand, washed free from liuionitic and 
■clayey pellets (in rotary washing-plant), is also supplied. The 
latter sand is pale grgy, but reddens slightly on burning, whereas the 
former shows little or no change. The chemical composition is as 
follows:— *■ 



Best 

Washed sand 

Bulk 


sand. 

as deliver^!. 

sample. 

SiO. 

. ^9-80 

99-39 

98-76 por cent. 

A1 2 0, 

0-32 

0-48 

0-37 

FeA 

W3 

0-02 

0-03 

CaO . . 

n. d. 

n. d. 

0-17 

MgO 

, n.d. 

,n. d. 

0-10 

Na,0 

n. d. 

-n. d. 

none 

K,0 

n. d. 

n. d. 

0*04 

Loss on ignition 

0-22 

* 0T3 . 

<i-33 

Totals . . 

100-37, 

100-0? 

99'80 per cfent. 


The ev*nness*o£ grade is a marked feature, the sand, in otitis 
respect very closely resembling Fontainebleau (se^ Plate III. 
figs. 1 & 3).” The mechanical composition is as follows:— 

*§ Sections marked thus deal with sands and rooks which are also of use 
as refractor? materials. 

■ E 2 
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>0*5 mm., few grain8*only; >0*25 & <0*5, 78*3 % ; >0*1 & <0*25. 15*0 % ; 

' •xJ'Ol & <0-1. 5-8 % ; <79-01, 0-9 %. Total sand-grade, >0 *1 mm., 

QO.Q o/f • f 

«rCS ( *MS FS* _s_ c ^S e ~| 

Ltr.’ ^8*3’ 15 : 0’ 5*8’ 0 V 9. ; 93*3'J 

The detrital uiinernl suite is very dliaracteristic 1 of the Lower 
Greensand throughout, Euglaiul, * Heavy minerals are fairly 
abundant j*0'2 to 0-3 mm. diameter),, and the residue consists 
almost entirely of coarse, angular kyanite, staurplite, and brown 
and blue tourmaline, together wifii iron ores (magnetite, 'limqnjfe, 
and altered ilmenite), zircon, rutile, etc. 

The sands, after being carted to Hartwell Siding near Aylesbury 
Station (G C. Railway), were put on tluiks, before the war. at 
7s. (id. per ton. At the tiivye of writing the price is 10s. This is 
father high, and freight charges increase it to abont‘15*. or 17s, (id. 
by the time it reaches a glass-funking district as far distant as 
London <p- Yopkshire. 

*The estimated quantity available in tin- area fs two lnillion 
tons 


§ Sands from Fairlight and Hastings. 

(1) Fiftl'LIGUT. 

Worked occasionally for sand, Milliard Estate (Agent: Mr. G. 1 
E. Barr, 23 Havelock Rd„ Hastings). 

Mops. —Geological: Old Scries. 1-inch, Sheet 5. 

6-inch. Sussex, Sheet 5N S.E. 

Situation. — Lot. 50° 52' 30", Lnmj. 0 3 V 36' E. 

The ])it is situated hy the roadside, close to, and immediately to 
the south of, Fail-light Church, east of Hastings. 

Formation. —Ashdown Sands (Wealden). 

Description. —The bed of snow-white sand occurs akthe base of, 
the Ashdown Sands and immediately above the Fail-light Clays, 
of which a splendid succession is exposed in the cliffs below the 
Church. Glass-sands were recorded as having been worked at 
ffasting-s long ago t; they were doubtless sands like those exposed 
in this pit, and in that at Bulverhyth described below. The 
association <sf lignites with the Ashdown and Tunbridge Wells 
Sands has been recorded by Topley J and others, and the reduping 
action of the vegetable matter probably accounts for the freedom 
from ferruginous compounds. 1 Fairlight Church stands towards 
the eastern end of a strong sandstone ridge overlooking Hastings. 
For two or three miles {his ridge lias, as its backbone, the white 
Ashdown Sands which are mentioned above. In an old quarry 

In each case the estimate of the resources is by the writer, and is to be 
taken as well within the upper limit. 

f Mineral Statistics: Merifoir Geol. Survey, 1860, p. 370. 

J W, Topley, “The Geology of the Weald,” Mem. Geol. Survey, 1876, 
page 395 ; Ashdown Sand% pages 59, 80; Tunbridge Wells Sands, pages 78, 
85, etc. 
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about a quarter of a mile west of the Church* a wall of about 
twelve feet of white sandstone, not bottomed, is shown over # about> 
a hundred yards of quarry face. 'Abater^stands in tlie quarry. 
The deposit is well jointed and bedded and easily workable. Only 
^lree to six feet of valueless overburden o^ur above the Arhite saads 
in tht* Church pit. The beds yield a firm solid face, many of -the 
joints being superficially dirt-stained. A sample, whiefci is almost 
as pfire in colour as Fontainebleau sand, burned up slightly pink. 
Its chemical composition is Ifc follows: 


*Si<3, 

99*47 

41 . 6 , 

0*24 

Fe.O, 

0*002 

CaO 

0*29 

MgO 

trace 

Loss on ignition 

• 0*20 


Total « 100*202 per cent. 

The* high percentage of silica and low perc^htage of iron *re 
noteworthy. This sample yas not intentionally selected, but 
happened to be very low in iron. Anifther sample from the same 
becreontained 0 0l<> per cent, of iron oxide. 

The^neehanical analysis shows :— 

>0*5 mm., none; >0*25 & <0*5, 83*7 /, : >0*1 & <0*25, 16*1 /. 5 >0 01 & 
<0*1, 0*1 % , <0*01, 0*1 }'. Total sand-grade, >0*1 mm., 99*8 '. 

pMS FS _s_ _c S "1 
[_83*7’ 16*T 0*T 0*1 ’ 99-8’J 

Washing would doubtless improve the deposit both chemically 
and mechanically. 

The mineral composition indicates the presence of a few stable 
heavy detrital minerals in very small quantity, the proportion of < 
’ density greater than 2*S being only 0*01 per cent. The heavy 
residue is rather fine in grain, and the assemblage of minerals 
uninteresting. All the readily decomposable compounds have been 
eliminated before or sine# deposition. A little magnetite occurs, 
and limonite in small quantity is seen. Umenit? *is abundant 
(0*2 mm. diameter), hut ]Practically always altered to leucoxene. 
Brown tourmaline (0*15 mm.) is plentiful, and zircon (0T mm.), 
reddish rutile (OT mm.) *and muscojite (flakes 0*2 mm. diameter) 
occur. i # 

The most serious consideration is thafr of tfanspoi*t. A good 
l^kd links the pit to Hastings, the Station (L. B. &. S. C.“aiTd 
S.*E. & C. Railways) and quaf being four miles distant. # The road 
is, however, downhill all the wav, and motor-traction should be 
economically possible. The sand might then te snipped at 
Hastings. An alternative Suggestion is that of taking the sand 
eastward* dowti to Cliff-End, near Wihehelsea* and shipping it 
from there. The nearest Station to Fairlight is actually Ore 
(three imles), but it is badly situated m a hollow with a steep 
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gradient from til's pit. The proximity of the London market dnd 
,th(j possibility of water-transport to an even greater distance are 
noteworthy. 

The available rqeour&es are over fifteen mfilion tons. 


(2) Bulverhytii, west or Hastings, 

Worked occasionally for sand, Filsliam Estate (AgentMr. T- 
WrEllworfhy, 81 Londort Kd., St. Leonards). 

Maps. —(ieologjcal: Old Serief, LijK'li, Sheet &• 

6-'inch, Sussex, Sheet >1 N.W. * , 

Situation. — Lat.Ji 0° 51 0", Lour/. O' 82' 18” «E. 

The ]iit lies by the side of and north of the main roai( from 
St. Leonards to Bexhill. It is situated Iftlf a mile west-south; 
west of St. Leonards (Wfst Marina) Station (,L. B. & S. C. 
Railway). . r 

Formation .— Ashdown Sands yWealden). ( 

.Descriptions —-'Hie great thickness'of overbfmlen (About 50 feet), 
consisting of brown sands silts, and clays, renders* doubtful the 
profitable working of the ftjw feet of'white sands at the base. The 
.strata dip to the north into the rising ground, so that shallow 
excavations farther northward are unlikely to reach the bed. 
The groun^Jhdls towards the west, and, on the opposite sid6,of the 
small lane which runs northward by the w estern end of the pit, the, 
glass-sands crop out at the surface. Although they do not appear 
to be so pure here, improvement might be seen as they are worked 
inwards. The white sand is similar in chemical and mechanical 
composition to that at Fanlight described above. The iron-Content 
is 0'04 per cent., and the grade-analysis is as follows:— 

>0-5 & <1 mm., 0-8 % ; >0-25 & <0-5, 77-9 % ; >0*1 & <0'25, 20-3 % ; 
>0’01 & <0-1, 0'5 % ; <0'0I, 0'5 . Total sand-grade, >0'1 mm., 

99-0 %. 

rCS MS FS _c_ . S_ ~| 

|_0'8’ 7*9’ 20-3’ OS' 0-5’ 99'0'J 

‘ The mineral composition is also similar to that of the sand from 
Fairlight, but the heavy crop is distinctly coarser in grain. The 
most common minerals, in order of abundance, are ilmenite, altering 
to leucoxene, grey-brown tourmaline (O'l nun. diameter), foxy^ed 
and, less commonly, yellow- "rutile (O'l to 0'25 mm.), zircon in 
pinkish, purple, brown,^nd zorted crystals (O'l to 0'25 nun.), and 
nttjroovite flakes, the average diameter of which is about twice thot 
of the other grains. * . 

The pif is favourably situated for transport, being at the side of 
a mafh road, #nd only a quarter of a mile from Welt St. ^Leonards 
Station'(S. E. & C. Kailway). *Small quantities of the white sand 
have been carted Jo the station for despatch. 

The available resources are under a^million tons. 
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§ Sand from Ashurstwood, near East Grinstead. 

•votaVyresent being worked. 

Owner. —Mr. A. IT Rastie, 05‘Lincoln’s ImhFielcfy W.C. 2.' 

Maps. —Geological: 6 Id Series, 1-incl^Sheet 0. 

■ • • 0-in.eh, Sussex, Sheet 5 S.W. 

Situation. — 'Lat. 51° 6 50 \ Long. 0° 1 15 \\. 

Llrge excavations at Ashurstwood, partiSularlv in Cherry Gasden, 
north and north-west of th#Churcli, south-east of Eas# Grinstead, 
yield evidence of extensive etufy working. • < 

' ^formation .— 1 ■•Tunbridge Well- Sands (Wealden). 

• Description.-*- The sand stands up in hr* faces and blocks, 
sufficiently so to be descijbed as a soft sandstone. The combined 
•effect of weathering ancl excavation is to yield picturesque “ rocks,” 
the creamy-colour of the sand being Subdued upon the weather#)} 
surfaces. ' A considerable thickiess is indicated. Some of the 
seams »are ferruginous, and ^ washing would doubtless improve 
the whole deposit. 

Samples of the sand, creamy-white hi colour, turn browner on 
burning. • The chemical composition is*as follows:— 


Si0 2 

. 98-77 

A1 2 0 3 

0-73 

Fe 2 0 3 

0*01 

CaO 

0-14 

MgO 

trace 

Loss on ignition 

0-43 


Total . 100-08 per cent. 

The sand is small* in grain, and the mechanical analysis 
indicates:— , 

> >0-5 mm., a«few grains only: >0‘25 & <0‘5, 9‘8 % : >0T & <0-25, 85‘5 % : 
>0-01 & <0T, 2'0 % ; <0-01, 2‘7 %. Total sand-grade, >0-1 mm., 
95‘3 %. 

CS M% FS _s_ _ c _ . Jy “I 
ST’ 9-8’ 85-o’ 2‘0’ 2-7’ 95‘3'J 

• 

The heavy residue is abundant and fine-grained, ftnounting to 
0'24 per cent. It consists largely of zircon, yellow and foxy-red 
rutile, ilmenite, and tourmaline of about O‘05 mm. diameter. 
Although the crop is abundant, tlie mineral aasemblage is mot 
v#v interesting. Muscovite (flakes 0£ to 0‘6 mm. dianit), 
glauconite, and yellow anatase«lso occur. 

The pits are. situated about two miles from 1 
Station and a mile and a half from Forest Row 
Railway). There is a good»road connecting them, 
to London, about thirty miles distant, might also &e possible. 

• The available resources are over fifteen million tons. 


Hast Tlrinstead 

(L. Bf &%. C. 
Road-traction 
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§ “Lynn” Sand. 

(1) }Vorkei by Messrs. Joseph Boam, Ltd. (Offices, Silver 
Street, Leicester^. (Yiee Plate VI., and aUb Plate IV. fig. 6.) 

Maps .-'■ Geological: Old Series, 1-inch, Sheet 05. 

0-inch, Norfolk, Sheet 33 S.E. 

Situation. — lat. 52° 44' to 52° 45', Long. 0° 28' to (P 29’ E. 

The .sand is worked, over an extensive area at Middletsn and . 
Gayton, [iirec miles east of Kmg’s Lynn, and numerous scattered 
quarries occur. ,. , , 

Formation .—Sandringham Sands (Lower ffretjnsand). 

' Description .—TJie deposit is fairly persistentrand thick, so that 
large su])plies of sand running true to sample can he supplied. 
Little variation occurs in successive consignments. The sand ,is 
won for foundry-work, glags-making, building-purposes, etc. 'The 
'iyd sands are used for the last-named purpose and also for the 
making of black-bottle glass. Mn considering the sands'sui^able for ■ 
general ,glass.-making, it is to be noted that'the colour of the best 
'Lynn sand is equal to tlrjt of the Belgian, but moffc of the sand is 
rather darker, three qualities, besides a washed and a double-washed 
sand being supplied. Kotary washing-plant is employed. ,. The 
washed sand has a pale grey to brown colour. The iron-content is 
rather higher than that of Aylesbury sand, and on burning there 
is a marked change to redder or greyer tints. The chemical 
composition of the best sand is as follows:— 

SiO, 9ET23 per cent. 

Al.O, -59 

FejO., -04 

CaO -lie 

MgO . '02 

Loss on ignition *25 

Total . 100*24 per cent. 

Note .— A duplicate determination of the silica and also of the alumina 
carried out as a control gaye the figures 99'20 1 and 0'56 %, respectively. 

1 In mechanical composition the sand is seen to be well-graded, 
hut rather coarser than either Aykwbury or Fontainebleau sand. 
The curve ^presenting its composition in Fig. 11, page 50, is there¬ 
fore sympathetic with, but to the left of, those for Aylesbury,„etc., 
sands. Typical analyses yieid the following results :— 

>(r5 & <1 mm., Uione; «> 0-25 & < 0'5, 94'8 % ; > 0T & < 0-25, 4'9 % ; 
'**“■ >0-01 *<0-1,0'2 % ; CO'OI.O'I %. Total sand-grade, >0T&<lmm, 

' ■ 

r MS FS _s c S'] 

L94-8’ 4 : 9’«0-2’ 0-1 ^ 99‘7'J 

From the point of view of glass-making, the yemarkably good 
grading of the sand calls for special note. Although not so l<5w 
in iron-content as some other British sands, it is certainly the 
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most even in grain, and for that reason has bien preferred hy 
certain glass-manufacturers on account of its rapid matting. 
Thfce remarks apply particularly to- thp sand from the pits near 
Middleton Station (Q. E. Railway).* This sand iswashed to remove 
c|^yey and ferruginous * matter, and a new washtrl£«apparatys 
(Rikof’s* pattern) has recently been installed (see page 122 and 
.Plate VII.). * 

Thfc sands become less pure and more felapathic in the area near 
Gay ton Road .Station (Midland & G. Joint Railwifjp). Ttfey 
are worked to a large extent Jfor pale.bottle-making, and are also 
of*S^asiderable \*se for furnace-hearths. A chemical Analysis of a 
sample of one of tihese sands is as follows:— 


Si0 2 

97’34 per cent. 

Al.O, 

1-34 

.TiO., 

4race 

F e,<^ 

0-19 

CaO 

0-09 

MgO 

trace 

K ,0 

0-37 

Na.O 

trtLce 

Lobs on ignition * 

%76 


Total . 100-09 per cent. 

'l'he mechanical analysis of the same sample indicates :— 

‘ >0-5 Si <1 mm., 0'5 % ; >0-25 & <0*5, 95-1 % ; >0*1 & <0 25, 2'7 % ; 
>0-01 & <0-1, 0'8%; <0-01, 0*9%. Total sand-grade, >0*1 mm., 
98-3 %. 

% res MS FS _s_ _c_. s -I 

L«-5’ 5s-1’ 21 ’ 0-8’ 0-9’ 98-3'J 

Greenish seams glauconitic material are not uncommon, hut 
as the glauconite (silicate of iron, aluminium and potash) is usually 
’present as a-coating to the grains of quartz, washing improves the 
sand considerably. 

The mineral composition indicates ratl*r more felspar than in 
the efther Greensand deposits discussed (note Alt) percentage yi 
■chemical analyses). The heavy detrital mineral Assemblage is 
similar to that of the Lowe/ Greensand generally, but, in addition, 
- occasional garnets are found. 

The residue is a eoafce one, th| grains averaging 02 mm. 
diameter. The sand is extensively used for general glass-wprk, 
including window- and plate-glass, laboratory-ware, ineandesflrolt- 
liftnp globes, chimneys, white and coloured bottles, etc. ft hair wre 
great advantage of being cheap. 

The pmem oft the sands put upon the market are as follows:— 
Brown Sand 3s. 6 d. per ton, Unwashed White Sand 3*. 9 it. per ton, 
Washed Sand 5s. (id. per ton, Double-washed Sand (is. per ton, 
Specially Selected and Double-washed Sifnd 8s. p*r ton, i.O.R. at 
Middleton Station (G. E. Iiailway) or Gay ton Road Station (Mid¬ 
land & GtN. Joint Railway). 
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The washed kind is from the Middleton area, and the unwashed 
iro^i near Gayton Roa4 Station, but further washing is being 
contemplated. 

( (2) Tf A 6rked by Messrs. Gav & Wilson (Managing Partner, 
Mr. G. W. Smart). , . - 

Maps — Geological: Old Series, 1-inch. Sheet too. 

6-inch Norfolk, Sheet'33 N.E. 

Situation. — Lot. VI ' 40 0 ”, Lout). 0° 29” 0" E< 

Formation. —(Sandringham Sam’s,(Lower Greensand). 
Description. —The quarries occur immediately north-WeSi of 
Hawser Signal Bojj, about a mile north-east of Gtavtim Road Station 
(M.&G.N. Joint Railway). The description given above,applies 
equally well to these dejjosits, except thaf the sand is on the whale 
rather finer in grain and contains more iron (0T6,per cent.). The 
' results of mechanical analysis Are given in tip Tables on page 163. 
The pits reveal a thirty-foot wall of sand (at times approaching* 
forty fuet wjierp excavations have'been mdde in the floor of the 
pits), in places rather regular in quality, capped by Glacial Drift, 
which occasionally forms (pockets. 11 4 

The sand is used to a considerable extent in the Yorkshire district 
for bottle-making, and also in the manufacture of soap. It is put 4 
on truck^t Bawsey siding, Gayton Road Station, at fron* 2s. 2 d. 
to 3s. per ton, a better quality also being selected when desired 
and supplied at a correspondingly higher price. 

The available resources in the Lynn area are at least three 
hundred million tons. 


§ “ Leighton Buzzard ” Sand. 

Worked by (1) Mr. Joseph Arnold, (2) Mr. George Garside, 
(3) Mr. Gregory Harris. 

Maps. —Geological: Old Series, 1-inch, Sheet 46 N.W. 

6-inch, Bedfordshire, Sheet 28 N.E. 

Situation. — Lot. 51° 56” 15" to old 57 10", Long. 0° 38' 20" 
‘to 0° 39” 10* W. 

The sand is worked over a large area north and north-east 
of Leighton*Buzzard. Numerous quarries and old workings occur 
(Mile Tree, Shenley Hill, S^pne Lane, Chance’s Quarry, etc.).* 

Formation .—Lower Greensjnd. 

•Description .-*-The ^deposits are worked for a variety of pur¬ 
poses, g4ss-making Deiiyg subordinate. 

Both jhemical and mechanical Compositions vary considerably. 
The coarse sands are supplied for water-filtratio* plant* concrete¬ 
making,* grinding, etc. The highly ferruginous sand is used for 
building, and most of the pale-eolourdd medium-grained sands are 
worked and washed by a Notary method for foundry purposes, parti¬ 
cularly in connexion with steel-castii!g. This is on account of the 
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higlf silica-percentage, there being very little felspar. For the 
greater part the sands are neither so pure^nd, free from iron n*rq£ 
so'fi%e a grade as those of Aylesbury; -they are therefore not so well 
suited for good glass.. ‘They are used for tne making -of .pressed 
glass and laboratory-warb. The iVon-staining is patfihy in ite 
occurrence, and the pale sands are thus impersistent. The whitish 
sands are again associated with peaty bands. . 

The»ch‘emical comjiosition of some of theesamples of glass-sands 
is as follows :—. 


N • 

n (l) 

on n 

(2) 

(3) 

’ (41 

SK), 

aVo, 

99'05 

99-59 

9li-77 e 

99’58 per cent. 

0-23 

0-25 

1-77 * 

0-27 

Fe‘<V 

0-H • 

0-21 

0-27 

0-03 

•CaO 

0-31 

n. d. 

0-15 

0-22' 

MgO 

0-08 

n. d. 

0-03 

none 

K,0 

gione 

non/L 

0-60 

m none 

Na,0 . • 

none 

nono 

0-02 

none 

Loss on ignition 

t # 

<* 31 

^0 27 

0*63 

0-13 

o •* *> 

Totals . 

100-12 

100*32 

fOO’24 

* 

100-23 per cent. 


(1) Arnold’ 

(2) 

(3) 

s pits, washed. 

,, unwashed. 

„ a fine grade. 



(4) Garside'’s pit. 




For the most part, the sands are coarse, passing into line quartzose 
and eherty gravels. The latter are screened and used for abrasive 
purpose^ including the grinding of plate-glass. Seams of fine 
white and grey sand occupy but are not common. 

The whitish and pale yellow sands supplied for glass-making.are 
rather coarser than manufacturers like. A typical mechanical 
analysis is as follows*:— 

• • 

> 0-5 & <1 mm., 24*6 % ; >0-25 & <0-5, 74-3 /. ; >0-1 & <0-25, 1-0 % ; 
>0’01&<0-1,less than 0-1 %. Total sand-gra(%, >0T & - 1mm., 99'9 

• 

rCS K B s _S ] 

L24 r 6’ 74-3; 1-0’ 0T ’ 99 ; 9'J 

The mineral composition's like that of Lower Greensand deposits 
generallv. The description of the mineral assemblage of Aylesbury 
sand applies here. • , , 

The sand is put on boat upon the Grand Junction Canal, o r on 
truck at Leighton Buzzard, at. 6s. per t<* (Arnold), and 6 s.Td. 
per ton (Garside). * 

The avaflable Resources are at least five hundred million ton* 
The Lower Greensand of Jlitwiek (pit one-third mile north of 
the railway station, worked by Mr. Joseph Arnold! is similar, but 
less pure. Analyses of this sand are given in the Tables on pages 
lo6 and 163. 
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§ Sand from Godstone, Surrey. 

. Worked by Messrs.'-Goodwyn & Sons, Granville Chambers, 
Portman Square, London, W. 1 (owner Sir W. K. Clayton, Bart.). 

JZnps,—Geological: Old Series, 1-inch, Sheet (i. 

6-inch, Surrey, Sheet 27 S.E. 

Situation. — Lot. 51° 15 0", Long. 0° 4’ 0" W. 

The-pit revealing the whitest, sand occurs half a mile north¬ 
west of Godstone CMirch. 

' Formation .—Folkestone Beds (Lower Greensand). 

Description.!— The whitest imd'hest glass-sands occur as irregular 
patches in beds more iron-stained. No great'supply of standard 
material can therefore lie guaranteed, an unfortunate fact in -view 
of its proximity to London and the Thames area. The pit is also 
some distance from a railway station. Sand has been sold for glass- 
making, but never in quantities of more than 90 tons a week-, an 
amount hopeleisly too small, e The bulk of the deposjt, consisting 
mainly of the upper beds, is worked for building-purposes, ana 
some probably-reaches London and is sold as silver-sand for soil¬ 
dressing and scouring purposes. The lower beds were used for the 
manufacture of glass. -< 

Of the sands suitable for glass-making the colour is volte to 
faint- yellow, at its best almost equal to that of Fontainebleau 
sand, dt changes to faint pink on burning. Washiftg would 
probably improve slightly some of the second-best sand, wh.rb 
would then serve for white bottle-work. The chemical analysis 
yields:— 


SiO, 

. 99*56 per cent. 

Al.O, 

0*26 

Fe’O, 

fi-OG 

Lobs on ignition 

0-24 

Total 

. 100*12 per cent. 


From the point of view of glass-making the grade-analysis is 
good (Plate III. fig. 4). It is as follows :— 

>0-5 & <1 mm., 0-6 %; >©•25 & <0-5, 73-0 % : >0-1 & <0'25, 25'7 % ; 
>0-014; <0-1,0-2 % ; <0-01,0-5 %. fotalsand-grade, >0-1 & <lmm, 
99*3 y 

res MS FS _s_ 0 S -j 
Lo- 6’ 73-n’ 25 r 7’ 0-2’ 0-5 ; 99-3' J 

In mineral composition the sand closely resembles other deposits 
c*f the same age, such as those from Aylesbury, Leighton Buzzard, 
'-Lynn, etc., described. (J Tbe list of minerals and description there 
given Ippld good for the Godstone'deposits. 

(file price is 6s. 6 d. per ton on truck at Caterham Station 
(S. E.Ol Railway). 

§ At Oxted and Limpsfleld in Surrey, about two to three miles 
east of Godstone, and at other places along the outcrop, the same 
sands (Folkestone Beds, Lower Greensand) are rathrj- coarser in 
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character, the mechanical composition (see Table Vi on page 168) 
resembling that of Leighton Buzzard saint More iron is preseht,. ■ 
and' tie sands burn redder, but they wovjjd be suitable for bottle- 
glass Work. The mineraf composition -is again typiaal of the <L,ower 
Greensand. ’ _ • .■> 

Sands of" the same age (Lower Greensand), but rather less pure, 
occur at^Westerham in Kent andnt other localities near. 

Similar sands occur in the Folkestone Bijds (Lower Greensand), 
in Sussex, e. t]. near the village of Rogate. The overbufden is, 
.however, great, and ithe sands freijuCnlly contain jvitehes of 
calcareous material. 

3 ’’ 

§Sand from Reigate, Surrey. 

Worked (1) 1 foods lioail Fit: by Mr A. B. Apted, Bonds Road, 
Reigate; (2) Park Lane Fit: Agent, 31r. H. Sims, Old Town < 
Hall, Reigate. » ■> *' 

6 Maps. -^Geological: £>ld Series, 1 inch. Sheet N. 

.< 6-inch, Surrey, _Sheet 34 N.E 

Situation. —Bonds Road Fit. Lot. 51" Id'25', Long. 0 11 
O ' W.; Park Lane Fit, Lot. 51° 14 5 pLontj. 0° 12' 45'' W. 

Ths*)imailer pit, in Park Lane, is situated about one-third of a 
nftile soutji-west of the Castle, and the larger. Bonds Road Fit, 
occurs bV’tho northern side of the railway half-way between'Reigate 
and Redliill. 

Fonmtion .—Folkestone Beds f Lower Greensand). 

Description. —The Reigate sand is similar in age and character 
to that at Godstone, but the purer parts are of greater extent. 
The iron-staining is distributed in patches, but is never so serious 
c as to prevent the sand being worked for second-quality glass 
(sheet-glass, pressed ware, laboratory-ware. etc.). Toplpy, in the 
“Geology of the Weafld,” stated (page 1 11) that Reigate sand was 
used for glass,mailing. The best seams of sand are equal in colour 
to Fontainebleau sand. The presence of calcareous material in 
places will probably necessitate washing. The chemical analysis 
is as follows 
,■ Si0 2 

ALO., 

Fe'A 
CaO 
MgO . 

K 2 0 .. 

Na 2 0 

Loss on ignition 
Total 

The! meefianical analysis indicates:— 

>0*5 & <1 mm., 2-7 % ; >0-25 & COS’, 79 % ; >0-1 & <0-25, 14-5 % ; 
><M)1 & <0-1. 18 % ; <0-01, 2-0 %. Total sand-gjade, >0T mm,, 
96-2 %. 

« res MS PS _s c _s ~i 

L2-7’ 79-0’ 14-5’ 18 2-0 ’ 90>2'J 


>er cent. 
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The grading rather variable, a gradual passage from coarse to 
•ftne^ands being frequently observed. The mineral composition, is 
typical«of the Low^r Gneerisand. The sands should’ be worked 
With care^both from the point of view of grade and of iron-content. 
That th6 available resources here are very great is indicated by the 
abundance of caves throughout the Reigate area. Large quantities 
of cream-coloured sand have been removed from these excavations*. 
Dpods -Road Pit shows a 40-foot lace of sand. 

1 From ihe Poods Ro&d Pit, selected fine silver sand is put on 
truck at RedhilhStation at.ths*. *pei\ ton (unwashed). 

The available resources in the area are over one hundred inGIion 
tons. 


§ Sand from Aylesford, Kent. 

Worked by 3$r. Silas Wagqh, Aylesford. a 
Maps. —Geological: Old Series, 1-inch, Sheet 0. 

u ft-inph, Kent, Sheet 31 S.W. fl 

Situation. — Lot. 51° Z S' 25", Long. 0° 20' 0" if. 

The pit exhibiting theiwhitest tand lies immediately north-east 
•of Aylesford Church. The Nickle pit, a quarter of a mile vc.st of 
the church, contains rather yellower sand (worked by the Ni copit * 
Sand Coi&pany, Ltd.). % 

Formation .—Folkestone Beds (Lower Greensand). D 

Description .—Whitish sands with a northerly dip are covered' 
in one part of the pit by the red ferruginous sandstone known as 
•carstone. About twelve feet of the sand are worked, but the 
floor of the pit was covered with water at the time of ‘writing. 
White chalky matter is often present. * The general characters 
are similar to those of the other Greensand deposits described. 

The colour is pale gray to cream, but the sand burns up pink. 
The chemical analysis of the best sand is as follows:— 

99*06 per cent. 

0*56 
0*04 
c 0*17 
trace 
0*26 
0*11 
* *22 


SiO., . 

AlA 

FeA 

CaO 

MgO 

K.,0 

Na,0 

Loss on igifltion 


t Total .*. . 100*42 per cent. 


The grading is good, h mechanical analysis being as follows 1— 

>0*1 & «Cl nun., few grains only ; >0*25 & <0*5, 83*7 *% ; >(P 1 & <0*25, 
16*0 % * >0*01 & <0*1, 0*3 % ; <0*01, none. Total sand-grade, 
>0*1 & <1 mm., 99*7 %. 

o * 

res MS FS # _S 1 
* 83*7’ 16*0’ 0*3 } 99 7 J 
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. * 

The mineral composition is that of the Lof r er Greensand 
generally, tourmaline, staurolite, and kyanite being large and 
conspicuous 'ill the heav^ mineral crop.' e, I ’ 

The sancf is supplied on. ship upon the Medwateat Adesford at 
8s. .per ton, and on truek'at Aylesford Station (S. E. & C. Rail* 
way) at 9s..6d. It is used fpr bottle-making at QueenBorough, 
but would be of seVvice for better f glass. 

• The Available, resources are about five million tons. 


£ gand from polling bourne and Bearsted. 


INfct at present bftng worked. 

Maps »—Geological: OM.Scries, 1-inch, Sheet 6. 

• 6-inch, Kent, 43 N.W. 

Situation. — L»t. 51° 16’ 0 ", Long. 0°615 30 E. 

The chief .excavations, in the fonufif caves, lie nt*irly half a mile* 
?ast-south-east igi Bearded Church, and one mile south-east of the 
railway station. . 

Formation .—Lower Greensand (Folkestone Beds). 

Description .—Sands were stated to liahe been worked formerly 
’at Bearsted, Hollingbourne, and Aylesford*, for making the 
Cbmmonejkinds of glass, “about 100O tons being annually shipped.” 
The cavts at present existing at the first two localities testify to 
tl* extent of the former working. The sands are similar in 
dharaefijr to those of the same age at Aylesford, Godstone, and 
Reigate, the caves being very similar to those of the last-named 
place. The sand is cream-coloured, turning after ignition to a 
browner lint. A chemical analysis yielded the following result:— 


Si0 2 

AljO, t 
Fe 2 0 3 
CaO 
MgO 

Lobs on ignition 
Total 


99*25 per cent. 
0*31 
0-04 
0*09 
none 
0*31 


100*00 per cent. 


Alkalies absent. 


A mechanical analysis yielded the following figures 

>0-5 mm., none; >0’25 & <0'5, 94'6 % ;.>0-1 & <0'25 ; 4'2 % ; >0-01 & 
<0-1, 0-8%; <0-01,44 %. Total sand-grade, *>0'1 mm., 98'8 %. 

TMS FS _o . jf-| 

L94-6’ 4-2’ 0-8’ 0-4’ 98'8'j 

The mineral composition is .similar to that of the Lower Green¬ 
sand generally (see pages 50,54-59), the peraentage ojheavy detrital 


* Mineral Statistics: Mem. Seol. Snrv, I860, p. 374. 
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minerals of density greater than 2'8 being 0 026. Large kytftiite 
, fO'4'miu. diameter), staprolite, and tourmaline grains (0'2 mm.) 
are abundant; ilmenite, ^ircon, rutile, and liinunite,'(0T nwri.) 
are common, anti Hakes of muscovite mlba (0 0 mini) ’are also 
Hfesent. •* * * 

■ The sand requires to be carted one mile by road to )be nearest 
station, Jlolliiigbourne (S.K. it C. Railway); Beurstead Station i,% 
about two miles away i>y wad. ' . 

'The available resourejs in this district are ovec twenty million 
tons. ' 

Lancashire S_nd. 

Worked by a considerable number of glass-manufacturers and 
sand-merchants. 

Mops. —Geological: Old Seres, 1-inch, Sheet 89 S.W. 

6-inch, Lancashire/Sheets 92 N.'£., S.T2.; 100 N.E., 
_S.E,; 101 N.W., S.W. 

Situation. — jbai. 53' 28' to 53° 33', Long. 2 44’ to 2' iAf W. 

The pits and excavations are situated in the belt of country 
running south-east to north-west from St. Helens to Onnskirk. 
Formation .—Glacial Sands. '-y 

Description .—The sands are worked extensively for tlm making 
of bottles and window-glass (at and near St. Helens), also in 
connexion with the soap-industry. The deposits occur at Crank, 
Rookery, Rainfurd, Kings Moss, Upholland, Skehnersdale) etc.*, 
north-west of St. Helens, and are used locally, so that no great 
amount of transport takes place. Skehnersdale, the farthest distant, 
is about nine miles from St. Helens. The sands are brown, 
frequently dark brown, in colour, and are very peaty. They occur 
in a series of hollows now drained by the small streams which How 
south-eastwards to St. Helens and Warrington, and so into the 
Mersey. In late Glacial or post-Glacial times, these .hollows wen- 
doubtless badly drained, and became filled with vegetation which has 
yielded the present peitfv material. The abundance of place-names 
containing “ Moss ” is very significant. The decomposition of the 
'vegetable matter has had a reducing effect on the ferric oxide in 
the sands, and in many cases, by the action of the acid peaty waters, 
has dissolved the iron out. The sands are worked to the drainage- 
level, usually a depth of about four feet only, and the turned,-,over 
land is again devoted to agriculture. The sands are washed at the 
various localities where they' are won, and it is interesting to see 
ie operation all styles of washing, from the most primitive to. *he 
latest and most effective. In the former ease, the sands are washed 
hv being run into shallow troughs and boxes let into the ground, 
where the ^material is kept in motion by shovelling. Paddle- 
methods of washing are also used, as well as modem rotary, 
dredging, and worm appliances. Vegetable matter is screened off, ' 

* The Shirdley Hill sands of the Geological Surrey Memoir, “ The Superficial 
Geology of S.VV. Lance.” 1877. 
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and* the iva'ter after washing is coffee-coloured ,'vith peaty aftd 
dissolved ferruginous compounds. / _. 

•J^eehanical analyses of washed and unwashed samples from 
Rainford are as follows*— 


• 

• • 

j 

* CS. MS. 

>0*5 & >0*25 & 
<lmm. <0*5. 

•FS. 

>o%& 

<0-25. 

s. 

>0-01 & 

<0-1. 

• 

c. 

<0*01 

1 mm. 

s. 

Total^and-grac 
p>0T mu. 

Unwashed 

3*3 % 83-0 i: 

V-'J % 

0*9 % 

1*1 % 

98-0 % 

Washed* 

' 1*3 * 84*3 

13-1 

0-2 

0*9 

98-9 

• 

* 



, • 



* The material is thus fairly well-graced and of suitable size in 
grain. * • , 

Although the sanfl is of a melium brown colour even after 
washing, the «jron-eo»tent is Jew. The following gte ^‘hemical 
analyses of Rainford Sands:— 


Washed. 


mo 

96*59 

Al.O, 

1*72 

Fe'tl* 

0*03 

CaO 

0*19 

Ms-0 

0*08 

K.fO 

1*05 

Na,0 

0*05 

Loss on ignition 

0*43 


• Unwashed. 

Fe ,0 0*05 per cent. 


Total .... 1(JDT4 per cent. 


Duplicate determination, K.,0, 1*01 % ; Na,0, 0'08 %. 

The available resources are over a hundred million tons. 

• • 

§ Sand from Huttons Amho, near Malton, Yorks. 

Worked by The High Silica Sands Company, Commercial 
Street, Norton, Malton. * • . 

Maps. —Geological: New Series, 1-inch, Sheet 63. 

Old „ „ „ 93 ME. 

6-inch, Yorkshise, Sheet 144. N.E. 

Situation. — Lai. 54° 5' 50", Long. 0° 51' 40" W. 

Greyish and pale yellow sands dbcur at .Sleights and Hutten 
B^jk, and the working is in process of development. 

Formation .—Upper Estuarine Series (Lhwer Oolites). 

Description .—The sections at present exposed show in the lower 
part ten seventeen feet of cream-coloured sands vjth <a sfirall 
admixture of kaolin. Black specks uf ilmenite are in places rather 
abundant. The sand is improved by washing, jrhich removes 
calcareous and aluminous material also. The kaolin may be an 
advantage in the making of certain glasses, £nd for other purposes 
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c 1 k . , l 

it is easily removed if desired. Unwashed, this deposit sefVes 
expefiently for bottle-gla^s making and for lining the hearth- 
bottoms of steel furnaces. o (See Plate IV. figs. 1 & 2.), • One ^»am 
of the sand is eytrer$ely pure, but most frill have to be washed. 
The sand reddens slightly on burning. 

A chemical analysis of a washed sample is as follows:— 


SiO, 

Al.O;' 

Fe'O, ' 

CaO 

M(K> 

Loss on ignition 


99*04 per cent. 
0-84 
0-03 
0-10 
018 
019 


Total . . 100*38 per cent. 

Before*being washed, the sand contains 013 per cent, of iron oxide. 


• The mechanical analysis indicates: — 

>0*5 & <1 mm., 1*4 % ; >0*25 & <0*5, 84-9 % ; >01 & <025, 75 % : 
’ >0*01 & '“< 0*1, 4T %; <0*01, 2*T %. Total san(i-grade, > >0*1 & 

<1 mm., 93*8 %. »i 

r CS KiS FS 8 c Sn 

L14’ 84-9’ 7-5’ 4T’ 2*1 5 93-8 J 


The upper- part of the sections reveals beds, twelve feet thick¬ 
ness, of yellow and brown clayey sands with greyish carbonaceous 
layers. Much more “ bind ” occurs in these beds, and the deposit 
is of great value for refractory purposes such as steel-casting. 

The chemical analysis of the latter refractory sand is as follows:— 


SiO., 

A1 2 0 3 

Fe,0* 3 

CaO 

MgO 

Loss on ignition 


83*8 per cent. 
92 
1-6 
06 
trace 
4-7 


Total .... 99*9 per cent. 

e AnaL : S. Hewitt. 

The sandhis quartzose, felspar being much less abundant than in 
the Kelloway Beds. In mineral composition the sand does not 
exhibit a rfch variety of minerals, the heavy residue being coarse 
(averaging 0*2 mm. diameter). Very little magnetite is present, 
but ilmenite is abundant. Tiimonite and leucoxene occur. Large 
red garnets are. common, and also tourmaline, staurolite, deep red 
•s^tile, and zircon. Grains of serpentine are occasionally seen. e> 

The workings have now been considerably developed, a seventy* 
yard face having been opened up. A siding; from o the N. E. 
Railway, between Castle Howard and Huttons Ambo, has been 
built. It is hoped that the Sand well be delivered at Kndttingley 
and other places in the Yorkshire area at 7s. to per ton. It is 
put on truck at Huttons Ambo at 8». 3 d. per ton. 

, The estimated resources are one million tons. 
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. • * 

Sand from Burythorpe, near Malton, York!. 

Working given up some years agq. * 

J/ff/w.-rScreological » New Series, 1-iflch, Sheet 63'. 

• Old „ '• „ „ 93 Nfi. # • 

(»-incli, Yorkshire, Sheet 42 N.W. 

Situation. — La/. 54° 4' 40", Long. 0° 48' 40" W. 

Whitish sands are exposed ■ i several jjjts, the chief of which 
lies near the Fox Cover, ai^d three-quaisters of a mile fiortli-\?est 
of Burythorpe‘Church. 

Formation. —ReUowuy Be3s*of*the’Jurassic. • 

7)t>‘scriptiou.—As in the ease of tin 1 country around Leighton 
Bftz/.ard, Middleton and May ton, Godstone, etc* the sand supports 
only it poor heath lions by means of which its fairly, extensive 
flutcrop is vaguely defined. Some years ago it was worked for 
g&ss-sand, but *the working was given up; it may be re-exploitejf* 
shortly. , • f * 

The Sand possesses g slight \irown tint, due to iron-staining, but 
the be.ft quality is nearly white (cream-coloured). the tinf"' 
becomes slightly browner on ^burning, *but the original colour, 
which lies between those of FontainelSeau and Belgian sands, is 
not^mproved to any extent by washing, although calcareous* 
* materia^ is removed. 

The # chenncal composition is as follows:— 



Fox Cover 

Burythorpe 


Pit. 

Park. 

SiO. 

96-79 

96*70 pei 

Al/>, 

1-63 

1-49 

TiO, 

n. d. 

0-35 

Fe,O t 

0-22 

0-07 

Cab 

n. d. 

0-12 

MgO 

n. d. 

0-07 

K,0 

n. d. 

0-84 

N%,0 

n. d. 

0-08 

Loris on ignition 

0-60 

0-56 

Totals 

. . §9*2i 

f00'28 pe; 


The dominant grade of the sand is smaller than tbffltf of foreign 
and .also other British gla&s-sands, but this is an advantage, 
for the deposit is well-graded (see Plate III. fig. 5). 

I» the mechanical composition the ^rade-percentages are:— 

>0*5 & <1 mm., few grains only; >0'25*& <0*5,^9’2 ; >0 - l & <0$5, 

^59’0 % ; >0’0i & <0*1, l'O % ; <0*01, 0*8 %. Total sand-grade, «££.'! 
&<1 mm.,98’2 %, , * 

, rCS MS FS » c S 
!_tr.’ 39-2’ 59-0' l'O’ 0'8 ; 98'2 'J 
• 

The grains mc^tlv consist of subangular clean quartz, but grains 
of^urbid felspar are not uncommon. The heavy residue is abundant 
and consist| of much fine-grained dark material (average diameter 
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o-l jura.). In character it most resembles the mineral assemblage 
•of' the Inferior Oolite, which is remarkably similar all over its 
outcrop r across England, fraili the Dorset coast to » Yoj'ksftfc'e. 
Abundant ( magn£tite and ilmenite occur, and colourless to pale 
bDwh and pink.angular<garnet grains (0'12 mm. diameter) make y.p 
most of the residue, liutile is extremely plentiful and zircon is 
common '(both about 01 mm. or lqss diam.). Staurolite and grey- ♦ 
brown tourmaline grafns occur. Muscovite is present, bift the 
diameter of the Hakes (0'12 mm. diameter) is not much larger than 
that of the average for the rest of the grains. ' 

The question of transport to the nearest railway station, Mahon 
(almost 5 miles), the high railway freights, and also the distance!to 
the nearest port are serious considerations,. The great glass-making 
area of Yorkshire is, however, near at hand. < 

» Some trial-borings and a f trial-hole have recently been put down 
a‘short distance raw ay in Burrthorpe Park by the owner, K B. 
Colton Fox, Esq. The best or the sand brought to the <surface 1 
looks veSy promising, and subject to an improvement «in the 
economic conditions specified above, development of the area may 
be expected. (For analyses, sec Tables, pages 150, 102.) 

The available resources in the area amount to three m’lion 
tons. 

Less pure sands in the Kelloway Beds are worked at South Cav$ 
near the station (by Messrs. T. H. Lyon and Partner, of Norton, 
Malton). They are of service for white bottle-glass and much 
other ware. Similar sands occur at Newbald. At Sancton, near 
by, white micaceous sands are found in the Estuarine Series. 


Sand from Denford, Northamptonshire. 

Worked by the Ebbw Yale Steel, Iron & Coal Company, Ltd., 
Irthtingl)orough. 

Maps. —Geological: Old Series, 1-inch, Sheet 52 N.W. 

G-ineh, Northamptonshire, Sheet 33 N.W. 

Situation .— Laf. 52° 22' 20", Long .*0° 33' 45" W. 

The pit's, which have really been^ opened for the purpose of 
exploiting tjie Northamptonshire Ironstone below the sand, occur 
nearly one mile west-south-^vest of Denford Church. 

Formation .—Estuarine Series (Inferior Oolite). 

Description .—Sands occur, at the same geological horizon near 
by at Corby, WansfoVd, Apethorpe, Blatherwyke, etc., and were 
mentioned as having been worked for glass-making about 1$)0. 
Unfortunately, the variability and 1 limitation m quantity which 
detracted from the value of these affect also the Denford deposits. 
It might Be possible to get $ good average quality by washing, 
but the sand is too fine in grain to be easily washed without 
considerable lo^ (see page 122). ,* 

The sand is cream-coloured and* burns up pink. A chemical 
analysis of an average Sample is as follows:— 
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SiO., 98’19 per celt 

A1,6, 1*23 

Fe.O, • 0-06 

CaO ' • # *0*15 9 

MgO • . none 

Loss on ignition O'# 

Total • 100*09 per cent. 

The effect ©f washing \u?uld he to remove certain ferruginous 
pellets that occi5r,^md to r<*l«ee # ap}>recial>ly the iron-percentage, 
Wfticli is already low. 

• The sand is vety tine in grain and is well-graded, a mechanical 
analysis indicating - • 

• V 

^>0*5 mm., none, >0*25 & <0-5, 2’9 ' , ^0*1 & <0*25, 92*3 % ; >0*01 

<0-1, 3-0 n/ * >0-01. 1*8 7. Tot*,] sand-grade, >0-1 mm., 95*2 %. 

• ? * 

rMS FS s _c S “| 

IV 92^’ 3-0’ 1-8’ 95-2 J 

• 

The sand carried an abundant and dark residue of heavy detrital 
minerals, the portion of density greater than 2*8 being 0*38 percent* 
The residue is dark as a result of the preponderance of lhnenite, 
and i^u- mineral assemblage resembles that of the inferior Oolite 
generally in its outcrop across England. The following is a list of 
the ^minion mineral species in order of abundance :—llnienite and 
iron ores, garnets, zircon, red rutile, kyanite, tourmaline, glauconite, 
staurolite, muscovite, and yellow anatase. 

The*available resources, owing to the variability of the beds, are 
probably small. 

Sands of siniila* age (Inferior Oolite), but h.‘ss pure, occur at 
Tadmarton, about four miles west-south-west of Banbury. The pit 
is situated half a mile east of Tadmarton Church {Lot. 52 1 12 , 
Long. 1° 25' 5" W.), and is worked by Mr. H. H. Salmon. About 
sixteen feet of rather variably sands containing peaty layers may 
be seen. Some of the bawds are more iron-stained, rendering the 
profitable working of the j tit for glass-sands, in view also of 
the location, improbable. The sand is coarser tli^n that, from 
Denford (see Table of Mechanical Analyses, page 102), hut the 
mineral composition is similar, large ^)ink and brown garnets, large 
staurolite, grey-brown tourmaline, abundant ilmenite and iron ores, 
zircon, and red rutile being characteristic. 

Sand from. Longdown, near Southampton. 

Worked by Messrs. Sandell Brqj>., 79 High Street, Southampton, 

Maps. —Geological: New Series, 1-inch, Sheet 315. 

Old „ „ *H' 

(i-inch, Hamjishiiti, Sheet 72 N.K. 

Situation .— Lot. 50° 52' 30", Long. 1*29' 10" W. 
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4 Th^ pits are forked a little to the south-east of the hamlet of 
'Lohgdown in the New FSrest, and are situated about four rajles 
west-south-west of SdUthafnpton West Railway Station (L. & 
S. W. RaHwnv). 11 ‘ • 

T Formation. —Barton Sand (Upper Bagshot Beds). 

Detcription. —Sand from Longdown, situated upon land in 
the New* Forest belonging to the Crown, was mentioned as 
haying hem worked for,glass-making, and sent to the north of 
England, as early as 1858*. It is said to have been nearly 
as white as,the Isle of Wight 1 sahA, and to. have cost 6 d. per 
cubic yard. Assuming a cubic yard to contain 30 owts., ue 
should now eonsider’this price exceedingly low. 

Two sets of pits are at present being wol k-d. At the westefn end 
may' be seen a fifteen-foot section of fine-grained, cream-coloured* 
tind, containing yellowish ’patches and streaks u’hieh are more 
plentiful near thfe top. The oflerlmrden is t’erv small. At the 
eastern end of the excavation red aiifl yellow sands form a thicker 
tapping, diid theNvhite sand is less constant. The latter is forked 
down to ground-water level. 

If the sand were washetl the iron-content and grading would 
,doubtless he much improved, hut the washing-plant at present ‘on 
the market is not well suited to the rather tine grain of tilt sand. 
Inevitable Toss of line sand would result. Washing improves the 
colour slightly, and samples of the sand on ignition become a* 


rather darker brown. 

The chemical composition indicate 

SiO., 


. 95’41 per cent. 

Al.,0, 


2-35 

Fc,0 


0-09' 

CaO 


. 0-26 

MgO 


0-18 

k 2 o 


1-33 

NaO 


trace 

Lose on 

ignition 

0*50 


'total .. . 

. .. t 100*12 per cent. 


After beirtg* washed the sand contains 0’06 per cent, of iron oxide 
(as Fe/l j. , 

The deposit is fine-grained, mechanical analyses being as 
follows:— t > 


« 

*** 

« 

MS. 

>0*25 & 
<0*5mm. 

<0-25. 

8. 

>0-01 & 
<0-1. 

c. 

<0-01 
mm. ! 

Total sand-grade: 
>01 mm. 

’ a 

t y 

Western end *.. 

8-9% 

81-6 % 

, 3'8 0 /, 

2-7 % 

98-5 / 

Eastern end .. 

* 

«5*9 

91-2 

1*5 

* 

1-4 

* 971 


a 4 

Mineral Statistic*: Mem. Geol. Survey, 1860, p. 374. 
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The heavy minerals of density greater tbafi 2'8 eonsjitute 
008 per cent, of the whole. Large, llalces (0'4 mm. diameter) 'of' 
a greenish* muscovite, are very abuitdant# Brown tdhrmaline 
(O'l mm.), kvanite- (0'2 mm.), iron ores, including .^ihnenite 
(altered to leucoxene), magnetite and Lmonite, are plentiful. 
Zircon and rutile in small • grains about 0‘05 mm. in diameter 
‘ occur commonly, and the presence of epidote and green hornblende 
(O’l mm.) was also noted. ^ 

The sand is flarted by road about two miles to Lyndh&rst Koad 
Station (L. & S.*VV« Railway^),'*wlfere “it is put F.O.li. at 9s. per 
to" Two’miles* cartage eastwards will also bring the sand to a 
snfell quay on Southampton Water owned by Mfessrs. Sandell Bros., 
the wifter-freight to thj London area being about 2s. (id. and to 
.Bristol 3s. per ton before the war. The sand is at present being 
supplied to the Bristol area (railway-freight about 10s. per ton) fof« 
lirttle-making, hut iff is sutheientlyfgood for bettef quality glass.* 

* The %and qpeupies .several square miles of wooded country, and 
the avatlable resources are certainly not under foiu*mfflioff tons. «= 


csSand from near Fordingbridge, Hants. 

Working being undertaken by Mr. A. J. Terrill, Rosebank, 
Fordingbridge; Lvburn Estate, owned by Cecil Lee, Es^. 

• Maps. —Geological, 1-inch. New Series, Sheet 315. 

• O-inch, Wiltshire, Sheet 77 S.E. 

Situation .— 'Lot. 50° 57’ 30", Long. 1° 39’ 30" W. 

The locality is actually across the county boundary in Wiltshire, 
but Fordingbridge is the nearest town. 

The pits occur near * No Man’s Land ” about live miles east- 
north-east of Fordingbridge, and nine miles south-east of Salisbury. 
Formation. —Ba^hot Sand. 

. Description .—Wide stretches of sandy heath occur in this area. 
For the greater part the sands have been bleached white, or are 
coloured grey by an admixture of peaty njpterial. So far as the 
small excavations enable the observer to judge, a bed of pale grey 
sand at least six or seven feet thick (the greatest depth»yyt proven); 
and probably much thicker, »xtends over a considerable area. 

The sand is pale brown in colour and becomes grey sn ignition. 
TJje chemical analysis .of a hulk* sample as collected is as 
follows :— 


Si0 2 .... 
A1A . 
TiO, 


CaO . 


MgO . . 

X 2 0 . .. 

*ta 2 0 

Loss on ignition* 


99‘28 per cent 

0-14 

0'07 

0-02 

0-11 

none 

none 

none 

0-27 


Total 


99'92 per cent. 
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Qfher unwasfted samples contained 003 and 0-02 per cent, of 
iron oxide. 1 , t • 

The sand is well-graded, as the following mechanical-analysis 
showsn 

a 

>0*5 mm.‘,none ; > 0*25 & < 05 (screened), 88*3% ; >0T & < 0*25,11*2 °/ ; 
> 0*/U & < 0*1, 0*3 %; < O'Ol, 0*2 %. Total sand-grade, OT mm.,' 
,.99-5»4. 

pMS PS g V S "I 
|_88-3’ 11-2' •0 34 O r 2 ; 99*5* ] 

In mineral composition, the material is similar to the Bagshot 
Sands over the whole area of their southern outcrop. Tips heavy 
crop forms 008 per cent, of the whold, and consists chiefly «f 
.ilmenite changing to leweoxene, staurolite, kviyiite (025 men. 
diameter), blue, and brown tfmrmaline. zijeon, and red rutile 
(0‘1 nnn.). 

It is propcsed that the sand should be catted byroad about two 
and a half miles to the railway near Downton Station (L. & S. \Y 
Railway) or to the River,,1 von foF water-transport. 

A large factory (Fast Mills) and water-])ower are available at 
Fordingbridge. 

The climated resources are over three million tons. 


Isle of Wight’’Sand. 


This sand was formerly worked for glass-making and > s men¬ 
tioned in older British and foreign text-hooks. It has not been 
worked for some years. 

Mops. —Geological: New Series, 1-inch, Special Sheet, Isle of 
Wight (Sheets 330,331, 34#, 345.) 

0-inch, Hampshire, Sheet 93 S.W. 

Situation. — Lot. 50 40' 0", Loup. 1° 33' 50" W. 

The sand is one of the famous Alum Bay Sands, cropping out 
on the shore about four miles south-west of Yarmouth. 

Formation .—Headon Hill Sands. ‘White sands also occur in 
the Lower Bagshot Beds. i 

Description .—The sand is associated with beds of lignite. In 
places it possesses a good colour, almost equal to that of French 
glass-sand, and darkens only very slightly on heating. Batches 
of more ferruginous material,‘however, occur frequently in it. 

*The chemical analysis of an average sample of Headon Hill Spnd 
yielxled : 


SiO. 

Al a O, 

FeiOj 

CaO 

MgO 

Loss on ignition 


96*96 per cent. 
1-90 
0*11 
0*34 
trace 
0-64 


Total 


99*95 per cent. 
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So far as its use for glass-making is concerned, the mech^iical 
compositiop leaves something to be desirld. 


•• 

CS. 

>0*5 & 

< 1 nun. 

MS.* 
>0*25 & 
<0*5. 

A* V 

§23 

S’ $=p 

© © 7 

Jif 

A 

r * 

Totol sand-^rade 
i >0*1 mm. 

ieadon Hill 


3*8 % 

84*0 7 9*7 "/•! 2*5 7 

• /0 1 /o 


sc. Bagshot 
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• 

• 

8*1 

• 

*0# • 1Q<7 5-0 

84*3 
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The mineral composition is similar to that of the Bagshot Beds 
generally, the abundance of rutile, blue and indigo-coloured tour¬ 
maline, and rolled grains of staurolite tying noteworthy. ' 

The practice of using this sand* appears to have been dropp^t' 

• since t^e ‘eighties, probably as a result of the difficulty, from its 
position of working it* in quantity, the imperfect grading and the 
ferruginous patches occurring in it. 

Similar whitish sands, but ftot so puje, are met with m VV liite- 
’ clify^ay, at the opposite end of the Isle of Wight. 

• 

The ©agshot Beds of the London Basin hare not all been 
explored; hut some hands, sueli as the pale sands of StT George s 
. Hill, Weybridge. might he used for common glass. Whitish 
sands'of similar age in the Bagshot Beds are now worked near 
Lymington and Brockenhurst in Hampshire, and near Creech- 
barrowand Wareham in Dorset, but are not sufficiently pure for 
the purpose required (sje Table on page Ui-1). Their grading is 
open to objection. 

» 

§ Sand from Charlton, Kent. 

Worked ty Mr. E. Gilbert; pit owned by Sir Spencer'Maryon 
"Wilson, Bart. 

Maps. .Geological: New Series, Londoit, Sheet -1. . 

C-ineii, Kent, Sheet 2 S.W. 

SUrniiion. — Lnt. <51 2!)' JO". Lomj. 0° 2' 15" E. * • 

Numerous excavations occur in the district, but sayd is actually 
worked for glass-making at the largejnt about a quarter of a mile 
north of the church. 

Formation. —Tlianet Beds. . 

Description. —The uppermost few feet iff the*Tlianet lied* at 
Carlton are worked for rough green bottle-glass manufactitft in 
the London District. The Tower portion of the Tliaeet Beds 
(which a* here "seen resting upon the Chalk) is more clayey and 
is worked for the famous “Blackfoot ’ moulding-saiTd (“Erith” 
sand), which is sent to all* parts of Great Britain and exported 
abroad (to Stockholm, India, etc.). The sand is coiffured pale brown 
of grey and is suitable only for common bottle-glass. It contains 
a fair quantity of iron, and reddens on heating. 
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TJJie chemical Analysis is as follows: 

.... 95'21 per cent. 

2-43 “ 

0-42 
0-19 
. none 
O'89 
0-19 

ignition 0'88 

o 7 > 

Total . 100’21 per cent. 

The mechanical analysis indicates that the grade of “fine sand” 
is dominant, as in the Burythorpe deposit*.— 

0*5 & <1 mm., none; >0■£> & <0‘5, 16*2 % ; >0-1 *fc <0-25, 79*6 % ; 
>(>•01 & <('*1, 3'1 % ; <0-»'l, 1*1 %. Total sand-grede, >0*1 & 
<1 mm., 95'8 %. y 

MS FS s c S "| 

16-# 79-6’3-l’,Vl ; 95-8'J 

rt 

In mineral composition the sand resembles the Thanet ‘Beds 
generally along the southern outcrop, the detrital minerals being 
fairly abundant, and occurring in angular grains. Iimenite 
(altering to leucoxene) and limonite (0’2 mm. diarn.), zircon 
(O'l mm. ) and rutile (0'2 mm.) abound, and tourmaline (0’2 »), 
staurolite, P andalusite. and flakes of muscovite (0'2 mm. diam.) are 
also found. 

Rail and river are near, and the sand is supplied at about 3s. 6 d. 
to 5s. per ton at the pit (Is. (i</. and upwards per “ foot ”). 

The available resources of glass-sands are over two hundred 
thousand tons. 

Thanet Sand near Rochester is similarly worked for the bottle, 
industry at Queenborough, Higliam, etc. 

§Sand from Worksop. 

Worked by Messrs. .Tas. Turner & Son, Ltd., Kiveton Park, 
near Sheffield, and at Worksop. 

Maps. —Geological: Old Series, 1-ineh, Sheet 82 N.E. 

6-inch, Nottinghamshire, Sheet 8 S.W. 
ituation. — Iff. 5)) 18' 48*', Long. 1° 7 54" W. 
he quarry, in which the sand suitable for glass-makinguis 
exposed, lies about one-tnird of a piile west of Worksop Station 
(G. C. Railway). 

Formation. —Lower Bunter. 

Description .—The excavations beipg made for Messrs. Turner’s 
new glass-worlds, which are in course of erection, have revealed 
an excellent section of Permian marls. The marls are purple and 
green in bands, and the basal Bunter Sands rest upon their wavy 
upper surface. Fifteen feet of pale-coloured sands are seen, of 


A1.A 

FeA 

CaO , 
MgO 
TC.O 
Na,0 
Loss on 
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which the lowest seven or eight feet are worked fd 1 glass-mak^pg. 
In.places thgse sands have a pale greenish Appearance, and certainly 
ippeSf to h£ve a .better colour where the} - ftccur below ground¬ 
water level. This may 1** due to solution of fftrie e§ijfpounds 
by .algal or bacterial action. It is proposal to treat this bed’ b# 
tank-washing, but at present the sand is being shipped to the 
Tyneside glass-works just as it is quarried. The uppermost few 
feet or'the pale sands contain ferruginous* streaks and.pktclms. 
Ked sand, stroifglv current-bedded and rather coarse ih grain", 
forms the upper paVtpf the seAifln,Tiftt'bn to twenty fee| high. It 
is worked as’an “ open ” moulding-sand and for building-purposes. 

'flic glass-sand is pale brown in colour and darkens on heating. 

A washed sample analyjjpd by Mr. .1. H. Davidson, M.Se., of the 
Department of Glass Technology in the 1'niversity of Sheffield, 
gav’e the following result:— 


SiO, 

95*10 

•ALO, - 

2*32 

^iO, 

trace 

Fe,0, 

0*51 

CaO 

0*& 

MgO 

0*24 

Loss on ignition 

0*54 

Alkalies, by difference. 

1*07 


cut 


Total 100*00 per cent. 


An average sample of unwashed sand (as sent to the North of 
England) collected by the writer contained only 0*10 per cent, 
of ferric oxide. f 

The mechanical analysis is as follows:— 

>1 mm., 2*0 % ; >05 <$*<1 mm., 6*6 % ; >0"25 & <0"5, 58"65 % ; >0T & 
<0*25, 26*^5 % ; >0*01 & <0*1,4*5 % ; <0*01, 2*1 %. Total sand-grade, 
>0"1 mm., 93*4 %. 

TVCS CS MS_ FS _s Q, S 1 
|_ 2*0 ’ 6*6’ 58*65' 2&*15’ 4*5’ 2*1 ’ 93*4 J 

The percentage of alumina i» the sand is an advantage for bottle- 
making, as it strengthens the glass. The alumina is present partly 
as felspar, and partly as its .decomposition product kaolin. Much 
of the latter washes out of the sand, afid its presence is indicated 
by the high clay-grade in the mechaifical analysis. , # 

mineral composition the deposit resembles many other Buffer 
Sands. Ilmenite is abundant byt very muBh altered to leucoxene. 
Yellow-broWn and grey tourmaline in highly rounded grains are 
very Abund&nt. Pink gamets (0*2 mm.), angular staurolite, Und 
apatite also occur. Zircon ajid red* rutile (OT X 0*03 mm.) are 
plentiful. «, 

The quarry lies by the side of the G. C. Hailway from Sheffield 
to Hetford ivid Worksop), and the Chesterfield Canal, which has, 
however, fallen into disrepair, especially in the adjacent Norton 
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Tvqnel. The Land is supplied F.O.R. at Worksop (unwashed) at 
3s. 6 d. per ton. It could be put on boat on the canal for i|bout 
4*. 6<f.>per ton. 

Theuyailalile 1 resources are over six million tons. 

At Alderley Edge, Cheshire, occur large tips of sand which 
have accumulated from the copper and lead mines (6-incjh Map, 
Cheshire, 28 S.W. %pt. 53° 17' 40", Long'. 2° 13' 15'). The 

Keuper'Waterstones are impregnated at this locality with galena 
(lead sulphide) and malachite (co)qfer carbonate). Thb sandstones 
were formerly mined, and after being crushed were treated with 
acid to dissolve ‘the metalliferous ores. The resulting sand'was 
washed to recover as much as possible- ,of the metallic Salts, and 
has thus' accumulated as waste material. 

The acid treatment ha# doubtless removed pavt*of the iron oxide, 
'but about 0T2 r per cent, remained in a sample tested. /The sand is 
pale brown and becomes greyer after igpition. ,lt is “markedly 
telepathic.* 1 The alumina present in the felspar would add to the 
value of the sand for bdttle-makipg, when the iron-content would 
certainly not be too higldfor pale bottles. 

In consequence of the washing, the grading is fairly good.’fts the 
following analysis indicates: — 

>05 & <1 mm., 2*4%; >0'25 & <0*5, 70'9 ; >0'1 & <0'25, 17'2&c 
>0*01 & <0*1,1*6%; <0*01,1*9%. Total sand-grade, >0*1 map,96*5 

res ms rs _s_ c_ s i 

|_2*4’ 76*9’ 17*2’ 1*6’ 1*9’ 96*5 J 

Unfortunately the deposits are not situated upon a coalfield or a 
bottle-making area, and it is doubtful whether it would pay tc 
move the sand as far as either the Manchester,or Yorkshire ^districts 
The mines are situated about one and a half mile| south-east oi 
Alderley Edge Station (L. & N. W. Railway), the road being's 
good one and downhill. 

Dunp-Sands and Shore-Sands. 

I # , 

Although some of these sands, the analyses of which are givei 
in the Tables (pages 157, 105), have ljeen used for bottle-glass, n< 
blown-sand or shore-deposit from the British Isles pure e'nougl 
(with the exception of that from the Isle of Jura) and in sufficien 
quantity for tne making of flint or better-class glass has yet beei 
seSh by the writer. The constituents of these sands have usually i 
very mixed origin; but if local derivation from decomposing pur 
sandstones or quartzites can be ensured, suitable sands hfay be found 
Usually, ill dune- and shore-sands, current-action tends to defea 
this object. Nevertheless, the dune- and shore-sands of th 
United Kingdom (especially those bordering the' Archsean areas o 
Scotland and Ireland) ought to be more thoroughly investigate; 
than they have been.' The colour of such sands varies from pal 



77 


DUNE-S^lNDS and suoke-sands. 

9 

grev^nd brown to deeper tints, and usually dark|ns considerably 
on burping. Too much iron is present, and the heavy inhered- 
crdp*is freqt^ntly large. Commercial qjectromagnetic separation 
will Hardly'clean 'the sands sufficiently. They *re of little use 
except for “black” glass-work vheii the industry is looted clos^j 
atliand. • * • 

The purest shore-sand met with/is that occurring on the jvestern 
shores “of the Isle of Jura, a%l derived# from the Dajradian 
quartzites forming the greater part of tit/ island. This Sanctis 
said to hayg been .formerly wqj'ljed #for .glass, but it is of limited 
extent and,,altho«glf very white-looking, contains 00f percent, 
of igon oxide. • . 

The Jjeaeh-sand from the Isle of Eigg is also of fairly good 
quality, and consists of ft/ry clean and colourless angular quartz, 
mi*ed with a considerable quantity of d*'k kaolinized felspar, hut 
it yields a large crop i/f heavy mine|ils derived frojp neighbouring 
igneous jnalses (augite, olivine, epidote, garnet, zircon, etc.). 

Similip- san<S from tiear Dublin fSandynioont.Stjaij^) have 
been used in the dark-bottle industry of that city. 

Additional shore- and dune-sfmds frojji Ireland have also been 
exanpied in view of the needs of the kittle-industry*. Samples of 
blown sands from Sutton (Kilbarrick) near Dublin, Washing Bay, 
Coalislwffd (on Lough Neagh), Ballycastle (Co. Antrijp), etc., 
lijjve been examined and analysed, with the results given on 
^age 165. 

(x. ft. Kinahan. in Iris account of the economic geology of Ire¬ 
land t, mentions the occurrence at Ballycastle of a white sand suitable 
for glas^making, stating that it occurs as Drift. It lies upon and 
is presumably derived, at«ny rate in part, from the Carboniferous 
Sandstone. The sand worked for the old Ballycastle Glass-works 
(up to 1820) was IJown-sand from the dunes, not a very pure 
material, and the glass made was a rough thick green bottle-glass 
otilv. *• 

Specimens of a ^hore-sand from Maghera, Ardara, Co. Donegal, 
have been forwarded by the Officer in Chntge of the Coastguard 
Station, who says that the, quantity available is unlimited. The, 
sand is unfortunately somewhat shelly and rich in hfevy detrital 
minerals. The iron-percentage (Fe„O a ) is 0'7 per cent., A similar 
but slightly less pure sand has been, obtained from Sandfields, 
Ardata. Mechanical analyses of thesj sands will be found in the 
Tables. , 

Besides those sands analyses of which &re given later (*e 
paghs 157,165), samples from the following localities (sent hfthe 
courfeay of Sir Bertram Windte, F.R.S., President of University 

* Prof, GUbert Morgan issued a report on Irish Glass-sands .shortly after 
the outbreak of war. This statement meittioned, besides Muckish Mountain 
Sand, deposits which might be worked for bottle-making, and which occurred 
at Sntton near Dubfin, Eosslare, Silver Strand (Wicklow), «dara (Co. Done¬ 
gal!. and Washing Bay (Lough Nea^h). 

» (• Journal #oyal Geol. Soc. Ireland, vol. viii. (1887). 
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College, Cork), have been examined:— Castlefreke (Cork), Clay- 
, caitle (Youghal), Glenbeigh (Kerry), Kilkee (Kerry), and Rush- 
inere (Tramore). 

Information ,regarding' other sands investigated will be found in 
the Ta\'lCs or, incidentally, in the remarks below. Sandstones and 
‘quartzites naturally disintegrated or crushed to produce “gl&ss- 
sands” are discussed in Chapter ATI. 




0-5 0-25 0 1 

► Grade Sizes ^hameter in Millimetres) 


manufacturers, although sujh materials appear to he exten¬ 
sively used abroad. The great evil of rock-crushing»lies in the 
quantity of dust, which ^ waste material, produced. Mining 
engineers are still endeavouring to devke a machine that will grind 
or crush rocks to a fine even grade without producing slime. 
So # far as glass-making materials go, the remarks regardin^tlie 
unsuitability of sand not of even grade a^ply still more empha¬ 
tically here. Several pure sandstones and quartzites, of* various 
geological %ges ffom pre-Cambrian to Coal Measures, oecur.in'the 
British Isles, and a few have b^en crushed and exploited. TWechanical 
analyses of the products are given in the Tables. Sifting is usually 
carried out at tBe quarries, and so those coarse grades which are 
objectionable are eliminated. "Large quantities of fine grades and 
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dust are, nowever, produced, and, in order to yield an effective 
Banff, these ought to he washed away with water-currents of 
strength calculated as above from elutriation data. It is frequently 
necessary to remove electroinagnetically thfe iron particles derived 
from the 1 'crushing-plant. The cost of 'quarrying, crushing, and 
sifting lias generally Sven too great to permit of washing also, 
and the price of the unwashed material is often prohibitively high, 
even in the neighbouriiood where it is produced. Much more is 
the cost, increased by the usual heavy freights, so that there is 
little likelihood of such materials replacing glass-sands to any 
extent for ordinary work in this country. High-content of siHca, 
and alumina also if that is desired, low iron, jnd general purity 
and angularity are their chief recommendations. Difficulties 
occur in the use of these crushed rocks- Often it does not par 
to wash them, and consequently loss results from the burning 
out of the tine grade, and unev liness in the “ metal ” is caused by 
irregular melting. The fine material carries with it air-bubbles,, 
from vvlpieh the ‘'metal” is cleared with great difficulty. As in the 
case of crushed quartz-crystals themselves, it is aiso objected by 
many glass-manufacturers that the “metal” produced from the 
crushed material tends to he “cordy” or “navy” and to remain 
“sticky” too long upon cooling, which also takes a longer’time 
than is desirable. Whether this is the result of the mixture of 
line grades, of the presence of two allotropie low temperature forms 
of quartz, differing ervstallographically, one possibly as a cement, 
of the different hydration of the silica acting as matrix, or of the 
presence of certain inclusions in the quartz, is not known. Greater 
heat, or more prolonged melting of the batch, appears to be re¬ 
quired when crashed rocks are used*. It is noteworthy that the 
sand obtained from Muckish Mountain, Co. Donegal, Ireland, is a 
naturally disintegrated pure pre-Cambrian quartzite. It is often 
difficult to draw the line between a true sand and such a disinte¬ 
grated sandstone or quartzite. The mechanical analyses on page 82 
indicate, however, that it has been well-graded, probably a result 
of percolating waters for a long period, helped by the fact that the 
t original sandstone was also well-graded, and most of the cement 
has since* been removed. It contains rather too much coarse 
material, but this is very friable, and can be rubbed down in the 
fingers, compound-grains thus breaking up. The anatyses (see 
also Fig. 12) should he compared with' those of Guiseley material 
(which was supplied sifted to 40-mesh), Port-a-elov Silica, 
Westport Silica, etc. Even after washing and sifting, the residual 
rock-particles are distributed over several grades and the mixture 
is still unsatisfactory. 

Among decomposed or crushed sandstones and quartzites ex¬ 
amined were the following:— 


* On the behaviour of the forms of silica, see Fenner, Atner. Journ. Science, 
vol. 36(1913) p. 331, and Journ. Wash. Acad. So. vol. 2 (1912) p. 471 j Wright 
& Larsen, Amer. Journ. Science, vol. 27 (1909) p. 421, and othfgs. 
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§ Muckish Mountain Sand, Co. Donegal, 

Messrs. Arkwright & Eagaporj, 22 Bank Building's, 

Maps.— Geological! OH Series (Ireland), 1-inc'li, Sheftlo. . 

*» ( 6-inch, Donegal, Sheet 34. • 

Situation. — Lqt. 55° 6' 2G 1 ', Ifnq. T 59' 50" W. 

The c sa<nd lies on the top an# upper slopes of a hill (puckish 
Mountain) of quartzite .about four miles from the sea, a^d abTnjt 
thirty-three miles^east of north of JDonegal. It consists offeree 
material rdfcultin^ from the decomposition of the quartaite. 
Formation. —Pre-Cambrian (Dalradian). 
foescrijition. trial-workings are being carried out to ascertain 
the extent of the sand. \Many pits and trenches, including one 
driven twenty feet into the hillside, ha\^ now been made, and a 
considerable areit of rock cleared o£ grass, peat, and rubble. Th^ # 
^amount of sand still ifppears to be small, but the excavations liave 
proved *the existence # of several beds of considerable extent, 
consistirl^ of sflft white sandstone—a result of the partial disinte- ' 
gration of the quartzite. All the chemical analyses of Muckish 
i Mountain material reveal the presence of a small quantity of lime 
^Ca(9*j, so that it is possible that the sandstone was once cal¬ 
careous, perhaps bearing a calcareous cement, and that the calcium 
carbonate has been leached out as a result of the weathering 
agencies and acid peaty waters. The rock is seen in all stages of 
decomposition, from hard flinty quartzite to a friable sandstone 
which can be broken up in the fingers. The quantity of actual 
unconsolidated sand present is very limited. 

i As fhe seams of soft rqck occur immediately below the flat top 
of the mountain, over two thousand feet above sea-level, it is 
probable that much of the soft rock will be reduced to sand in the 
process of running ft down the shoots to the foot. However, 
ascertain amount of the material will not be broken up in this way 
and will require crushing. (See Plate IV. tigs. 3 & 4, which show 
the manner of cementation of the grains.) «0wing to the softness 
of the cement, this will not be* a difficult or expensive matter. 
Screening is also necessitated, since the crushed and «d«composed * 
products contain coarse compound grains which remain as “stones” 
in the glass made from the rock. Washing is desirable to assist 
the grading by clearing th^ sand of fifle dusty silica, etc., and to 
• reduce the iron-content of the brownft* varieties. The available 
.water-supply is small, especially in the summer. • • 

Tihe chemical analyses of some sample^ of the rock recently 
collected are as follows:— • * 


Bulk sample^mixed from all the trenches. I 
SiO, ... . 99'55 per cent, ■ 

A1,0., 0*17 

Fe,O s . 0-02 

CaO .. .. * 0-20 

•MgO trace * i 

Loss on ipiition 0-16 


100*10 per cent. 


Iron-content. # 

Trench 1 . 0*028 per'cent. 

„ ' 2 0*022 
„ 3 .. ^009 


total. 
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Ihe brown cifiour of many specimens is due to staining by peaty 
Waters and is not detrimental. One such brown variety contained 
only 0’&29 per cent, bf iron oxide (Fe a O a )., < 

Meckacical analyses of the.'same samples are as follows:—‘ 


yes. 

t >1 

t mm. 

cs. 

>0-5<i 

<1 mm. 4 

MS. ' FS. 
5.0-25 & ‘>0-1 & 
<0-5. I <(i-25. 

s. 

>0-01 & 
<0T. 1 

** 

c. 

<0-01 

mm. 

s. 

1btal sd.-gr.: 
>0T mm. 

Trench 1 

2-5 % 

72* '■/’ '16-9 °/ 

3-0 f 

!•»•% 

95-2% 

» 2 ; 2-0 % 

14-7 

73-9 7-9 

0-5 r 

VO 

<98-5 

2 a | . 

t‘9'8* 

73-1 15*8 

0*8 * 

0-5 

?8'7 

„ 3 2-5 

13-6 

75‘4 \ 7‘5 

1-0 

o-o 

99-0 

A fine seam ij .. 

« L. 

03* 

307 j 58*3 ' / 

_ _ 1 

3-2 

1-5 

1 95*3 

4 


Cotubound grams. 


The <~V.t contains a very small proportion of heavy detrital 
minerals, little else but zircon being present. lie sand was used 
by the Irish Department of Agriculture in the reproduction of 
Waterford Glass for the Cork Exhibition in 1902. Goodgtpsshak 
also been made from it in the London, Birmingham, and Yorkshire 
areas. , , 

The price at which this material is to be supplied has not yet 
been fixed. Should it not be low enough to enable the sand to 
replace foreign supplies in England, we may still he assured, in the 
Muckish Mountain deposit, of a large supply of material of excellent 
quality, sufficiently good for the making of the best optical glass. 

The nearest port is Ballyness, six miles from the foot of the hilLt 
The Donegal Railway runs about a mile from the foot, and the 
port of Dunfanaghy is six miles distant. 

§ Crushed Sandstone from Guiseley, near Leeds. 

Worked by The Gfuiseley Gaqister Company. 

Maps. —Geological: Oki Series, 1-ineh, Sheet 92 S.E. 

°6-inch, Yorkshire, Sheet, 202 N.W. 

SituatU'n. — Lat. 53° 52' 5", Long. 1° 44' W. 

The quarry lies one mil/s west-south-west of Guiseley. 

Formation .—Coal Measures. 

Description .—The purity and high silica-content of certaiif 
sandstones of Coal Measure age are well-known and the rocks on 
that account are prized. The Guiseley rock is much shatters® and 
is washed at the quarries, being supplied at present to the steel 
industry. It is proposed to crush and sift the rock for glass-making. 
The sifteS product is free from coarse grains, but naturally is spaced 
over several grades, and contains objectionable fine material. The 
cost of washing, to rid the sand of the latter, 1 is somewhat pro-^ 
bibitive, the price without washing varying from 15*. to 17*. pdrton 
even in the neighbouring Yorkshire glass-making arte. However, 
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certain glass-manafacturers are trying the sand. I It is white, 
bead’s only a small quantity of iron, and.dodk not darken on burning: 
The Riemic?>analy,sis of the crushed rock is at follows:— • 


SiO„ 

* 97*45 per cent. 

Al.O, 

1*76® 

Fe0 3 

0*09 

CaO 

0-13 

MgO 

trace 

loss on ignition 

0-78 

• 

• • —A- 

Total 

100*21 per cent. 

• 

An uncrushed sample of^itx-k _ 

yields the following analysis:— 

SiO, 

98^3 per cent. 

Af 6, 

0-60 

Fe.O a 

0-03 

A!aO 

0-24 

¥f?o 

none 

Loss on ignition 

0*2f 

« ^ 

Total 

100*09 per cu. u . 

The abater amount of iron 

in the crushed sample is therefore 

presumably due to additional impurity obtained from the crushers. 

# The mechanical composition, after sifting to 40-mesh, is:— 

>0*5 & <1 mm., 0T % ; >0*25 

& <0*5, 40*1 % ; >0*1 & <0*25, 

44-3 % ; >0-01 & <0-1, 9*2 ?/ 
ade, >0T mm., 84*5 %« 

' ; <0*01 mm., 6*3 ^. Total sand- 

res MS FS 

8 C S 1 

LOT’* 40* T 44*3 

’ 9*2’ 6*3 ; 84*5*J 


•ire minerfi composition indicates the presence of very rare 
felspar, a colourless Hake of garnet (?), anatase growing on ilmenite, 
abundant small red-brown rutile, jircon, limoflite, leucoxene, etc. 


§ Sandstone from Mold, Flintshire. 

Worked by The Mineral Milling Conymny, Mold. 

Maps. —1-inch Geological? Sheet 79 fuE. 
ti-inch Flintshire, Sheet 13 c l7.W. 

Situation. — Lat. 53° 10' 20", Long. 3° IT 12" W. 

Tie mine occurs at Waen, immediately <iorth of the SmitJly, 
-one hundred and tifty yards north of Trinity Church and about two 
miles \rest qf Mold. 

Formation .—Carboniferous Limestone. 

Description.—' The bed of white sandstone is about twenty-three 
feet thick and oe«urs below a bed of Carboniferoif! Limestone, 
’whith in the shaft is about twenty-two feet thick. Impure 
limestone al*> occurs below the sandstone. At present the rock is 
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mi*ed and broijght -up the shaft, but a drift is being run eastwards 
from the surface down 1 1> the working. The sandstone is of good 
colour with little or $>o iron-staining. It i$ constant in quality and 
grade, 'si*d is sift and easily crushed. After ignition, the'colour 
remains unchanged. r ^he unwashed product contains only 0 ’ 024 per 
cent, of iron oxide. The washed product has the following chemical 
composition:— 

98'97 per cent. 

0'46 
0'04 
0-02 
o-io 
0-07 

f 0O8 
none 
0-34 

lOOO^per cent., 

The crushed material is fairly well-graded, as the following 
result of a mechanical analysis indicates:— 

>0-5nun. 4. 9'2 %; >0-25 & <0-5, 7S'l % ; >01 & <025,105 %*j 

>0tl & <Ol,0‘9 % ; <001, 1‘3 V. Total sand-grade, >0T mm., 
97-8%. 

CS 11s ■ FS s e S "I 
9-2’ 78-1’ 105’ 0".)’ 13’ 97-8J 

Washing improves it by removing the line dusty material. 

The heavy detrital minerals form a very small percentage of the' 
whole (O-Ol per cent.). The assemblage includes only the stable 
commonly-occurring detrital minerals, such ;as magnetite in well¬ 
shaped crystals, ilmenite altering to leucoxene, and with crystals of 
anatase growing upon it, tourmaline in bluish, greenish, and broWn 
grains (all OT to 0‘2 mm. diameter), together with tiny zircons 
and rutiles (0 05 mAi. diameteij). The sandstone also contains 
decomposed felspar. „ 

The material is utilized in the manufacture of abrasive, soaps, 
hut should also he of much value for glass-manufacture and lor 
refractory purposes. , 

Two miles of good roqji connect 'the mines to Mold Station 
(L. & N. W. Railway), ivjiere it is put uncrushed F.O.R. at E 
I7s. 6 d. per fon. ‘The crushed product can he similarly supplied 
at Ibout 20*. to 22*. per ton. 

Thetavailable resources are ovef ten million tons. 

The deposits of sandstone at Pant du and Minora are similar in 
character to that described above, but are on the whole less pure. 
The highly siliceous “sand” front Mow Cop in‘Cheshire is of the , 
same character and is worked for pottery purposes (see pages *L5o 
and 161). 


SiQ, 

Aid, 

TiO, 

Fe/>.. 

OiO 

MgO 

K a O 

iso r 

Loss on lgmtioiy 


Total 
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The pulverized material obtained from the cutting and dressing 
of sandstones of Millstone Grit age at Rtjwsley, in Derbyshire, is * 
used%r the.making of qpmmon bottle-glass imDerby. • 


••§ “ Spital Sand.” 

Worked by Mr. H. A. Walker. E3 Imperial Buildings, Exchange 
Street East, Liverpool. / # 

Mops. —Geological: Old Series, 1-inch, Sheet 79 N.E. 
fi-ineh, Cheshire, Sheet 13 S.E. 

&fyuatioit. — Lai* 53° 21 5 ' *TJon<j. 3°* 1' 45'' W. 

The quarry is situated at Higher Bebington. near Spital, half a 
mile south-south-west of the Church, and over one* mile west-south¬ 
west of Bebington liailwa'^Station. 

Forma tion. —Keuper Waterstones. 

Description .—About thirty to fcu*ty teet of creamy-white, soft 
sandstone a v # exposed ft) a large quarry, showing string faulting on* 
the western side* Like many of the Keuper deposits, the sandstone 
is felspatnic, lmfth of the orthoclase felspar having deco!TT]7osed to 
kaolin-like material. The sandstone, wtiich is easily crushed, 
•therefore yields a poorly-graded de])osit. # Washing would effect a 
considerable improvement in the sand, so far as glass-making is 
concern edi 

In its present state it is used for making pale bottles.(Dublin, 
\m ast, etc.), anil as a refractory material in the iron, steel, and 
copper' industries. 

Although the grains are coated in part with white clayey matter, 
the sand, which is about equal in colour to that of Lynn, darkens 
( on burning. The chemical composition is as follows:— 


SiO, 

A) 6,, 

Ftf.Oj 

CaO 

MgO 

K,0 

Ni.O 

Lobs on iynitmn 


94’60 per cent. 
2*99 
0-06 
0-20 
0-14 
1-44 
none 
0-65 


Total IOG‘08 per cent. 

Another sample, after beyig washed,.showed an iron-content ot 
0'09 per cent. . • 

Although the clayey matter is objectionably there is little doubt 
. thai the alumina present strengthens considerably flic bottle-glass 
maae-from the sand. 

The mechanical analysis is as follows:— 

>0'5A<lmm., 0-7%: >0-25 A <0-5, 81'7% ; >0T A <»•»>, la-tr/, 
>0'01 A <0-1, 1-4%: <0-01, 2'6%*. Total sand-grado, > 0T mm., 
96-0.%. • 

• res MS *FS- 8 c S 1 

|_0'7’ 81'7’ 33-6’ 1-4’ 2'6’ 96'OJ 
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The mieroseopic examination of the rock indicates th#t the 
heavy mineral# are ren^irkahly well-rounded, hut that the variety 
amon^ the commonly-occurring minerals is not gr$it. A®lfttle 
magnetite is found, but ''ilnjenite ( 0-2 m r m. in diameter) is much 
more allandant. fellow-brown, highly rounded grains of tour¬ 
maline-are very plentSul (02 to 03 ram.), and characteristic tteep 
blue and purplish grains occur, r Tiny zircons and rutiles (O'l mm.), 
and yellow to colouitless anatase crystals (OT mm.) also ,sre seen, 
,Tne heavy detrital residue amounts to O'UG per cqnt. 

(fhe crashing strength,, tested, qp 3-inch cubes (average of four 
tests) is M30 lbs. per square inch. 

The price is 7 4 0<(. per ton F. 0.11. at Spital, Station (L. &?j.W. 
& G.W. Joint Railway), and 9s. G <1. F.O.U. at Birkenhead. 

The available resources are over twenty million tons. 


§ Sand fipm Caldwell, If.B. 

Worked by The Caldwell Sand Compaiyv Ltd., per Mi' Win. F. 
Pirrit, tiVTReflfield St., Glasgow. 

Maps. —Geological, f-inch. Sheet 22. 

O-inch, Renfrewshire, Sheets 1.1 N.E. and 1G N.W. 

Situation. — Lai. 33 46' 1.3", Long. 4 29' 0 ” to 20” W.* 

Several quarries occur on the south*east side of the, Barrhead 
Road, iTearly a mile north-east of Caldwell Station (Glasgow & 
Soutli Western Railway). The quarry at present being worked 1 is 
the most westerly of them. 

Formation .—Carboniferous Limestone Series. 

Description .—The quarry exhibits about twenty to thirty feet 
of soft decomjMised sandstone of variable colour, from cream to red- f , 
brown. The strata dip north-westwards towards the road, and 
shale is revealed in the bottom of the quarry, underlying the 
sandstone. Pebbly seams occur, and in parts^be sandstone is coarse 
and not well-graded. i ^ 

On ignition the sand darkens slightly to a brown tint. Tlie 
chemical analysis of t an unwashed sample of the best material 
available for glass-making is as follows i — 


Si0 2 . 
A1A 
Fe,0 3 
CaO 


MgO 

K„0 

Na.O 

Loss o% ignition 


93-74 por cent. 
4-11 
0-04 
0-27 
0-12 
0-46 
0-03 
1-37 


Total .. . . 100-14 par cent. 

Another washed and screened safriple contained 0'08 per cent, 
pf iron oxide? 

The mechanical analyses of Wash*! and unwashed samples 
(collected at different times) are as follows:— 
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• ■ • 

CS.‘ 

• >0*5 & 
<1 mm. 

MS. 

>Q'2o & 
<0-5. 

• 

F3. 

>0-1 & 
<0-25... 

%. cl 

Xkoi &% <o-oi 

<0*1. mfi. 

s, * _ . 

Total sand- 
frade: 
^.l.nim. 

9- 

Unwashed* 

5-5 % 

82-9 % 

5-8 % 

yf% 

4*7 % 

, 94-2 % * 

Washed „ 

t _ 

21*0* 

69»4 

$ 

• 

^ ? 

o i 

0-2 

*9-3 

* - -0 - 


The mineral aryilysis indicates t^e abundance of large pin* and 
colourless # garnet$ (i) - 5 mm. diameter) with good crystal form, 
muscovite flakes ^04 mm.), grey tourmaline (OT mm.), limonite, 
ilmenite, abundant zircon and red rutile, and, rately, epidote. The 
^eavy fliineral crop constitutes OOS per cent, of the sand. # 

^The material is crushed m a pan-mill, washed in rotary apparatus, 
and screened bfcfore being supplied to the Glasgow steel-area.*< 
Some of the other (fuarries were formerly worked for glas^saruf, 
but at nresent»the output is taken entirely for refractory purposes. 

The prepare material costs 10s. per ton F.()3i. ih* 1 Caldwell 
Station (Glasgow & South Western Railway). 

The available resources are over two lflillion tons. 

*• 


§ &ind from Kilwinning. N.B. 

Not at present being worked. 

Maps. —Geological, 1 -inch, Sheet 22. 

6-inch, Ayrshire, Sheet 11 S.E. 

Situation. — Lot. do 39' 33”, Long. 1 1 1 45 Vi. 

The outcrops of white sandstone occur close to the south-western 
nd of Ashgrove Loch, near to Lochcraigs Farm, about a mile and a 
alf west-north-west of Kilwinning Station. A less pure sandstone 
f slightly different age crops out hy the roadside near Kankend 
’arm, north-east of the Loch. 

FormatiSi .—Carboniferous Limestone Series. 

Description .—A considerable area of rough ground and crags 
verlooking the southern end of the Lc*h is occupied by the 
utcrop- of a bed of wh$e siftidstone which is apparently oyer 
wenty feet thick. The sandstone is white and breads flown easily 
a the lingers. It looks decRledly promising for glass-making and 
efractory purposes, and after being washed yields ,T well-graded 
ndopure sand, which becomes greyer 8n ignition. 

The chemical composition of an unwashed sample is as follows : 



MgO 
K 2 0 . 

,Na,0 

Loss on ignition 


98‘85 jlfer cent 
0-53 

o-ot 

0-02 

0-11 

0-06 

trace 

none 

0-38 


Total . lOO'Ol per oent. 
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The iron-con ton t of another washed sample is 0*028 per cent? 

. sSme of the luaterial *is fine in grain and rather well-graded 
(sample b). Other samples collected were much coarser. 0 Media meal 
analyses are as fallows:— 

• * f 


» 1 

vcs. 

• 1 mm. 

CS. MS. ^ 

>0*5*& >0-25 A 1 
; < 1 mrac < 0’5. 1 

FS. 

N >01 & 
< 0‘25. 

' : 

! >0*01 A l 
<0-1. 

- 

c. 

<0-01* 

mm. 

J'otal sai^d- 
grade • 

i, >0*1 mm.' 

Unwashed (a) . 

Washed (b) 

1*3-5 % 

30-o 

; o-5 

54-6 % 
92-5 

t r 

l-i 2 

5*5 

! 0'2 r /f 

I 0-5 * 

0*6* % 
1-0 

1 *9-2 % 

j, 93-5 


[(n) and (6) were different samples of Band.] 


• *... 

A mineral laical analysis xhtjws the- presence of ilmenite and 

leucoxene, limonite, muscovite (flakes (to mm. diameter), brown 
tourmalinej0 - 3 min.), sillimanitc, ml rutilet and zirton (U;l mm.) 
’among the heavy crop of [ninerals, which amounts to 0'02 per cent, 
of the whole. The heavy residue' of the sample examined was 
rather coarse in grain. 

Difficulties may arise over transport. The nearest station is- 
Kilwinning, but to reach it half a mile of rough farm-trafk and a 
quarter of a mile of fairly good road have to he traversed. f 

The available resources appear to be not less than half a million - 
tons. 


§ Sand from Levenseat, N.B. 

Worked hj Messrs. J. & T. Thornton, Levenseat Quarries. 

Maps. —Geological: 1-inch, Sheet 111. 

6 -inch, Edinburgh. Sheet 10 S.E. 

Situation. — hat. do 4S 30 ’ to 4o Long. 3 41 ft) M . 

The sandstone is being worked in several quarries, about one and 
a half miles east-south»east to south-east of Fauldhouse Station, 
and one mile south-east of CroftheuTl Station ( Caledonian Railway). 
The chief quarry is the most southerly and lies on higher ground 
about three-quarters of a mile south of Levenseat Hamlet. 

Formatioit .—Millstone Grit. 

Description .—The best fate of sandstone is that revealed in*the 
quarrv on the higher ground,"where a thirty-foot wall of the deposit, 
practically free from »verburc!en, is to be seen. In the lower 
quarries several feet of Drift occur above the bed, and shale is nt:t 
with about four feet below the floor wf the pit. In all, the workable 
sandstone bed is probably about eighty feet thick agid covers a wide 
area." The ftone, yellowish to brown in colour, has decomposed 
until it breaks down readily inti sand* when nibbed in the fingers 
or on being dropped into water. On ignition it darkens to a red- 
brown tint. Much of the yellow or. brown staining washes away 
freely from the grains of quartz, clayey matter is removed from 
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th& decomposed felspar, and a well-graded creaaa-eoiourea s^m 
yielded. On ignition the washed product beeomA slightly darkei 

* • 1 

The (Jhfimical Analysis of a washed sample is as* follows \" 


SiO., 
A1 4 O a 
Ti0 2 
Fe,0 3 
Cab 


MgO 

ft/) 

Na 0 


L'Asb on ignition 


99’44 per cent. 
0-16 
0-04 
0*03 > 

0-16 

none 

'none 

none 

0-19 


^ ,)tal 100*01 per cent 

Before being washed, a sample (if the sand was found to cental 
0*07 p<y* cent, of ferric oxide. 

The result'•of washing is also to improve the gindj^g. very con 
siderably-—indeed, a well-graded material is produced.— 


• 

CS. ' 

>0*5 (t 
< 1 mm. 

MS. FS. 

>0 25 A ! >0*1 & 
<0*5. <0*25. 

R. 

>0*01 & 
<0*1. 

<0*01 

mm. 

s. 

Total sand- 
1 .grade• 

1 >0*1 mm. 

Unwashed 

3'7 % 

88-5 % j (Ml/ 

0*2 

i*o 

98*2 /, 

Washed 

a few 

94*3 5*5 

0*1 

0*1 

99*8 






. 


The mineral composition of the sand calls for little note and th 
heavy crop amounts to only 0*09 per cent. The most commonly 
occurring heavy detrital minerals are ilmenite altering to leueoxent 
tdreon, rutilft, and brown and grey tourmaline. The heavy residu 
is fine-grained, the average diameter being 0 L mm. 

In its unwashed state, the sandstone, after having been crushe< 
in a pan-mill and screened,^* sefittothe Edinburgh district for th 
making of green bottles, floats, etc. The alumina.* jyesent add 
considerably to the tensile ‘Strength of the glass. Arrangement 
have now been made, it is satisfactory to add, hv Mr! Hugh licit 
of Motherwell, to wash the sand in 'tank-washers. The washet 
product should he of high (jualitv,°aud, as the above analysi 
indicates, of great value m the steel b indus1ry> for furnace purposes. 

•The unwashed crushed material is put F.O.K. at Oro&heat 
Station at 9s. a ton. . . . j 

The available resources are probably over fifteen million tons. 

3 

Xother Carboniferous Sandstones "of the Midland \ alley of Scot 
lari‘4 have been, worked extensively for building-stone. Amon| 
these\are the rocks from Cowie and Plean. two localities nea 
StirlingXSjngSCavil, near Linlithgow, Glenboig, and Hailes nea 
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Edii^rargli. Most of tliese are soft greyish-white or pale brdwn 
sandstones, with occasional carbonaceous layers. 

The sandstone of age which is associated wij)h coal and 

oil-shale (’‘parrot") at Brora is greyish-white, and is tine’and 
regular nVgrain. The best exposure is ill Clyneleish (Quarry, half 
a mile north-west of BAra, but although the rock is fairly soft, it 
could not be crushed and transported to a glass-making area at 
other than a prohibitive price. A certain amount of sand, the 
resulted’ rleconiposition t>f the rock, is also to he found. The 
material is not pure enough fo* tlje,making of -good glass-ware, 
the iron-content (as Fe/>.) being OT2 per (tent., but it miatfit 
serve for refractory,purposes. 


§ Sand from Ballycas|le, Co. Antrim. 

Not at present being worked: Balh castle Estate,; Agent. 
Capt. S. J. Lyle, M.C. 

Maps. * Pirn'll Geological, Sheet S. 

tl-ineh. Co Antrim, Slices)- 5. 

Situation. — Lot. tint 12* ol) . Loitq. (i 11 tot) Id'W. 

The exposures of cream-coloured sandstone occur in the (-tiff- 
sections, east of Ballyeastle, from White Mine to Gobi), a distance 
of about * mile. 

Formation .—Lower Carboniferous Sandstone. 

Description .— About sixty feet of wliitisli sandstone occur ahote 
the Main Coal of the Ballyeastle Coalfield. In the upper portion 
shale bands occur, and the best sandstone material is the “post” 
which forms the roof of the Main Coal. The sandstone crops out 
along the shore and is visible in the cliffs at White Mine, where it 
is seemingly purest and best-graded, Griffin Mine, Gobb, and other 
places. Much lateral variation in particular Sandstone beds is to 
be observed. The Main Coal is at present, workedoby Messrs., 
Heckie, Aiton & Kerr (Ballyeastle Colliery). In view of the 
proximity of fuel, availability of machinery, and abundant water- 
supply, it should be possible to work and treat this sandstone 
economically. The rock is soft and e'asilv crashed. It would 
also need wasting and screening. 

The sand,* which is cream-coloured, becomes browner after 
ignition. The chemical composition is a,s follows :— 


SiO, 

98‘57 per cent. 

At ,0- t 

0-52 

TiO, 

0*05 

Fe,0, 

0-02 

Cab 

0-20 

MgO 

0*05 

K.O 

0*06 

KaO 

•0-05 

JLobs on ignition 

0*42 

Total . 

99‘94 per cent. 
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•rhe mechanical composition of a crushed s amp le is:— 


• 

(IS. * MS. 

FS. ’ 

* s. • 

# C ' 

• S. 


>0-5 & ' >0*25 & 

>0*1 Vfe 

>0-01 & 

<0-01 

j’Jctal sand- 

* grade m 

• >0*1 mm. 

. 

< 1 mm. < U‘5. 

<0*2o. 

<i'l. 

mm. 

, 

UmW’lftxl 

3-3 ?; *2-8 i 


’i 

0-8 % 

• OS'l , 

Washed 

. S3 87-3 

6-5 

?!■(> 

0-3 

• * 994 . 


* In mineral composition, the sandstone redoubles other Ooal- 
Mentire Sandstones of the north of Ireland. The heavy residue, 

• forming 0*03 per cent. the sand, i-. coarse in grain, and consists 
chiefly of the jdable and common minerals, zircon, rutile, limonije 
(all about 02 imp. in diametlr), mnscovite # (04 mm.), iwncT 
anataae. 

Th<» railway facilities are* not good (the 4?aUyca^e Railway 
links Rallycastle to Ballymoncv on the Midland, N. C. I., Railway), 
but a pier and a jetty are also close at^iand. 

.Messrs. Heekie. Alton A Kerr propose to work the deposit aj. 
White Mine, and the British Silica A Minerals Company Ltd. 
that a^i Grohb. The material, being a high-silica smd, # is of value 
# as a refractory material (for furnace-linings, etc.) as well as glass- 
making. 

The available resources are undoubtedly large 

• 

§ Sand from Cookstown, Co. Tyrone. 

Worked by Richard ClufF, Esq., Kildrcss House, Cookstown. 

Maps. —1-inch Geological. Sheet 20. 

••0-iiieh, Co. Tyrone, Sheet 29. 

Situation. — Laf. 54 OS' 111", bony. 0 47’ 0 W. 

The pit is situated in the townland erf Lower Kildress about 
half a mile east of Kildress House. 

Formation .—Caluiferous Sandstone (Upper Group), 

Description. About thifty feet of soft sandstones are exposed in 
the pit which is by the side of the small stream Tniown as the 
Bullindcrry River, The*upper portion is stained red and brown, in 
part as a result of the percolation Rf peaty waters and in part by 
oxide of iron. Ferruginous bands, often wedge-shaped, also eceur 
tower down, but the iron oxide is not present in large quantity, 
add washing frees the quartz-brains easily from the pii^k pellicles. 
Sojne syc or ^ven feet of pure white sandstones are seen. The 
sandstone is thoroughly decomposed and washing in \»iter (selves to 
disintegrate it. Screening? howeVer, must he adopted to free the 
product from quartz-pebbles and harder sandstone pellets. 

> The red sands darken ii> colour on ignition, and the cream- 
coloured pand becomes greyer. 
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composition is 

as follows.:- 

Si& 2 

96*97 

A1,0, 

1*61 

Fe^Oi, 

0*04 

CaO 

0*20* 

MgO 

0*11 

K/J 

0*15 


0*03 

Loss on ignition 

0*72 


per cent. 


TotaJ 


The iron-content of a washed maniple of ml sand is 004 per cent,, 
and of the creain-cofoured sand, ()'()2 per cent. 

Much clpyey material (kaolin) is p'r sent—a result of the, 
•decomposition of felspar, ^fter being washed, the sand is well; 
(graded, as the following mechanical analyses indicate :— 


V®. „CS. MS. , F£i. b. 

. >0*5 & >(f26 &' >0-1 & ! >0-01 & 

mm. <lmm <f .. b : <0-25. <0-1. 

, 

<0*01 

mm. 

S. 

Total sand- 
grade • 
>0*1 mm. I 

Unwaghed. 1*8 % j 9*7 % 80*6 %, 4*2 % 0*3 % 

Washed , 2*0 8*1 79*0 10*1 0*3 

| t 

3*4 % 

0*5 

, 96'S % 1 
99-2 


The heavy mineral residue (0'03 per cent.) is line in grain and 
consists mainly of zircons (U Od mm. diameter). Other minerals 
noted were yellow rutile, anatase growing on ilmenite, and brown 
and blue tourmaline. 

At the present time the mixed and unwashed sand is sold for 
bottle-making in Belfast at about 20*. per ton,'which represents a 
"cost of 14s. (id. per ton at Cookstown Station, Fromythe quarry c 
to the station three miles of road-transport are necessary. If the 
white sandstone were washed and screened, the material would 
serve for the making of glass of much better quality. "Water-power 
and an abundant water-supply are available. 

The resources are difficult to estimate, but are considerable. 
The liability of the rocks to vary laterally introduces difficulty in 
computation. 

‘Sand from Coolkeeragh, Londonderry. 

1 t 

On the pastern side of the Foyle, and north-east of Coolkeeragh 
House, five miles north of Londonderry, a small excavation Jias been 
opened by Mr. John Burns, the owner of the estate. Soft white 
and pale-reddish sandstones are’ visible, apparently of about the 
same age and very similar in appearance to those at Cookstown, 
etc. (Upper Calciferous Sandstone). *The same rock occurs also atf 
White C&stle on the shores of the Foyle, but is much less ofccessible. 
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* # m 

Thl Coolkeeragh rock breaks down very easily, dkintegrating^vhen 
placed in water. In^ its present state it serves lor bottle-making, 
' liift if wasted and screened would be ^sefuk for better-class glass¬ 
making. On ignition it becomes greyer, and ttie ehen^jp^l com¬ 
position of an unwashed‘sample is as follows :— *® 


SiO 

84‘96 per 

Al.O, 

8*59 

TiO, 

0-18* 

. Fe.,0, 

0-f8 

CaO ' 

. 0‘34 

«tfgt> 

0*31 

K.O 

4-54 

ifa.O 

0-08 

Loss on igmtion 

1-54 


Total lQy‘72 per cent. 

Another sample collected by the writer contained O' 13 per cent, 
of fenjc oxide, wliile»the content of a washed samp^was 0'075 
per cent. * # 

Washing removes also the‘kaolin yielded by the decomposing 
felspar, and results in the production of a well-graded sand, as the 
following mechanical analyses indicate:— 


YCS. 

>1 mm. 

»! 

cs. 

>0-5 & 
< 1 mm. 

ms. ; 

>0‘25 & 1 
<0‘5. 

FS. 

; >0‘1 & 1 
<0‘25. 

s. 

i>0‘01 & 
<0‘1. 

c - , 
<0-01 | 
mm. 

s. 

Total sand- 
grade • 
>0‘1 mm. 

tfnwashed ... 

Washed .. j 1*1 / 

7‘1 % 

2-7 

•_ 

75‘9 % 

90-4 

7-5 \ t , 

4-6 

3-0 %■ 
0-5 | 

6-5 ° 

0-7 

90-5% 

98-8 


* The mineral assemblage is like that of other sandstones of 
similar age in northern Ireland (Cookstown, Ballycastle, etc.), the 
commonly-occurring heavy minerals (whi?h form 0'05 per cent, of 
the sand) being muscovite and chlorite (Hakes 0'(S mm. diameter^), 
brown tourmaline, small irregular and angular garn?t£ (OT mm.), 
small zircons and rutiles, leucoxene, and plentiful ani^ase, in yellow 
tablets or growing upon ilmenite. . 

The deposit is favourably situated /or transport. The Midland 
Railway (Londonderry to Coleraine and Belfast) is only a few 
;jards distant, and the deposit is close to the River Foyle. * 
further exploration is desirable before the resources tan be 
estiTna/tafl. 


“ Port-a-eloy Silica." 

• This material is apparently a decomposed or crushed quartz-mica 
schist (Dairadian), and is to be worked by the China-Clay, Felspar,' , 
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r 


& Silica Company* I,td. It is found near Stonefield on Port-a-cioy 
Hav, Co. Maro. [Lai. 54*19'50", Long. II 47'0" W. Geological 
M;i|i, 1-iivli,'Sheet 40.? , ‘ ' J 


A chemical analysis carried out 1 

>y I>r. H, F. Harwood yields 

tht}. following result:— 

SiO, 

70*47 per cent. 

A 1,6, 

12*00 

TiO, 

0 31 

Fe 6, 

1-82 

CaO 

1 0-12 

ivlg-0 

0-45 

K 0<« 

5-05 

Na,0 

0-31 

Loss on ignition 

2-9V 

Total 

100-13 per cent. 

With tli ; - hocld be compared the 

analysis of another sample by 

Mr. ,1. H. Davidson, M.Se.,‘of the Department of Glass Technology 

in the University of Sheftiell: — 

SiO. 

75-00 per cent. 

Al,O t 

14-83 

TiO, 

1-09 

Fe 0, 

1-02 

CaO ' 

trace 

MgO 

0-44 

Alkalies as sulphate 

3-54 

Loss on ignition 

3-97 


Total 91r89 per cent. 


In each ease the iron and titanium are high, and, being elements ( 
which militate against the making of good glass, should be removed. 
The titanium is present crystals of rutile, some of which in the 
uncrushed rock are of considerable size. The extraction of the 
mineral is a c difficult problem. Washing and electromagnetic 
treatment may possibly improve the iron-content. 

Samples of washed material yield the following result:— 

(B) Fe 0, 0*09 per cent. ‘■C) SiO_, 80-48 per cent. 

<- Al^O, 11*57 

Fe,0 3 0-23 

Loss on ignition. 3*25 

Total 95-53 (partied analy¬ 

sis only). 

The sand is grey in colour-and darkens on heating. 0 The material 
is poorly graded, mechanical analyses of some samples being as 
follows -.— 
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cs! ! 

MS. 

FS. 

» 


e 

cl 

S. 


,>0*5 & 

Au-25 & 

>0*1 A 

i.>0*01 


<0*01 j 

Total sand-grade :• 


<1 mm. 

•' "•/>. 

<0*25. ^ 

<?o*i 


rrqp. 

3>0*1 mm. 

(a) Untreated 

2*6 % 

55*6 % 

29*8 % 


% 

3*9 % 

• S8-0 g ■ 


(b) Washed * ' 49*7 | 44-7 4*5 1*1 • 94*4 

(r) Mixture 34*2 4Cj(> 9*9 10-8 t 80*2 


(a) was an untreated sample . (6) was a washed sample treal&d^Fwr lfon 
oxide, and # coarse-^reened , (r) \»af* a Sample produced by mixing (b) with, 
‘‘sMica and ^luminV hashed out of (a), to make about 8 per cc#it. of alumina 


6 • ,0 

In mineral comjKisition, the sand consists almost entirely of 
.quart* and muscovite inft*a (flakes 0*5 mm. diameter),^vith some 
rutile (0*05 mm.), chlorite (0*2 mm.), ilmenite and zircon. 

§ The Stiper*duartzite, at the lyse of the Ordovician system, # is 

# worked on*a large scitle for road-metal, filtration, aftd refractory pur¬ 
poses. m the (iranham\ Moor Quarries near Pontesbury, Shropshire. 

(Lat . 52° 37' #0", Loikj. 2° 54' 0" W.; G-inch mapf Sliest 40 S.W.) 

The quartzite is reduced to Small fragjnents by jaw-crushers, but 
so far as the writer is aware, has not been tried for glass-making. 

# The crushing strength is 32,000 lbs. per square inch (seepage 129). # 
The roek is much shattered and iron-stained in places. An average 
sample of the pure white rock yielded the following* chemical 

, Snalvsis :— 


SiO, 

Al.O, 

Fe O, 

CaO 
MgO 
K ,0 
Na^O 

Lost on ignition 


90*47 per cent. 
2*24 
0*00 
0*21 
012 
o*r»8 

none 

0*59 


Total 100*27 per cent. 

The alumina and potash pejcentagcs aK> explained hy the pre 
sence of numerous grains of felspar in the rock. , 

The price of the stone, ground to pass any mesh'up to 100 per 
linear inch, is approximately £o per ton F.O.R. ^t Pontesbury 
Station (L. &N. W. & G. W. Railways). All grades of grit, after 
bei^g washed, are similarly supplied a$ prices varying from 12s. 6 d. 
to 37s. (id. per ton. 

§The quartzite of pre-Cambrian age (Itylradian) occurrinyin the 
Appin Quartzite Quarries near Kefitallen, Argyllshire (owner, 
Lt.»Col. # W. Macalpine Downie), is worked for acid-filtration, 
grinding, and refractory purposes, but has not yet Jbeen utilized 
for glass-manufacture. It*is very hard and compact, and on the 
whole of good quality (see chemical analysis in Table on page 155). 
The crushing strength is 32,200 lbs. per square inch (see page 129). 

Similarquartzites occur in Islay and Jura. 
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§4 compact and good quality quartzite is worked by Messrs. Wm. 
Wjld & Sons in ex .ensive quarries on Holyhead Mountain, Anglesey. 
It is crushed and used fqr the making of * silica-bricks, and Tor 
“gannister” for'lining Bessemer converters, etc. In places it is 
very pure, nut joint-planes stained with ferruginous matter spoil it 
for use in glass-making. The quartzite is of pre-Cambrian age 
and frequently exhibits a foliated structure. It is traversed by 
abundant quartz-veins. The chemical composition of a typical 
sample of rock is as follows:— 


Si0 2 

99*32 

A1A 

0*19 

TiO ' 

0*03 

Fe ,0 3 

0*02 

CaO 

0*j^ 

MgO 

0* /S 

K.O 

none 

Fa>0 

none 

Loss on ignition 

0*21 


Total . tire" per cent. 

-i 

§ A similar quartzite, bvt less pure, has been worked at Porth 
.Wen, near Amlwch, Anglesey. 

The vein-quartz from Slieve More, A chill Island was formerly 
crushed and supplied by the Irish Industrial Minerals Company, 

Westport. 

The chemical composition of a sample of the crushed rock supplied 
(quality No. 3) is as follows:— 

Si0 2 99*20 per cent. 

A1,0 3 0-24 

Fe,0 3 0-04 

CaO 0*09 

MgO trace 

Lobs on ignition 0'23 


Total . 99*80 per cent. 

The unerushed rock contains 99'51 per cent. Si0 2 and 0 004 per 
cent. Fe.O,. Some of the iron seems to have been introduced as a 
result of crushing the material (see page 128). 

The flaky form of the crushed product is seen in Plate IV.fig. 5 

Mechanical- analyses of numbered samples supplied are as 
follows:— 


Quality 

cs 

>0*5 & 
<1 mm. 

c MS.q 
>0*25 & 
<0*5. 

FS. 

>0*1 & 
<0*25. 

s. 

>0*01 & 
<0*1. 

c. 

<0*01 

mm. 

S. 

Total eand-grade: 
>0*1 mm. 

0 

1 . 
la . 

3 . 

'4 . 

' 

0-2 “4 
1-0 
54-fl 

few grs. 
2*0 % 
9*0 
85*5 
42*9 

0*3 % 
3*5 
17*9 
53*5 
11*6 

0*5 

0*7 % 
1*8 
36*5 
23*5 

0*4 

0*2 

99*0 % 
94*7 
43*6 
13*8 

1*5 

1*5 

,0’3 %,. 

3-3 

18-9 

62-7 
“ 98-1 

98'3 

0 
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Examination of the samples for heavy detrital minerals by m&ns 
of, bromoform reveals, the fact that, in'the crusned material of 
quality 3, as*supplied, V large part of the erSp oij density* greater 
than 2'8 (O'l per cent.) consisted of rust-reddened metallic iron 
eajjly attracted by a bar-magnet. Mos^ of the remainder of 
the residu'e consists of flakes of a greenish biaxial mica (0'3 mm. 
diameter), containing plates and (Jlndritic growths of hematite. " 
Before the war, the No. 2 material fete^d 27s. to 30* person 
for use in the making of abrasive soaps. * <•* ’ 

§ A foliated rfticaceous qtaftzfte has also been worked at - 
_Kii(fownet in the'south of Acliill Island. 

At White Bock? about four miles north-wesf of Tinahely, Co. 
Wicklojv, a knob of vein-asartz occurs associated with quartz-mica 
sehists. The mass forms ifvprominent feature on the landscape, and 
is at least a hundred yards long by flftf yards wide. Quarrying * 
indicates that it is moj-e than thirty*feet deep. The rock quarried' 
ts a pure*white vein-quartz of good quality. It is carted to Tinahely 
Station hv roa\ and thence delivered on the quays* at "Arklow or ' 
Dublin. The cost at Arklow of.the uncruShed rock is about tin. 9 d. 
]>er ton, and at Tinahely Station about 4s.»6</. Crushed, rolled, and 
screened material (1 inch to inch) can be delivered into an 
English port at from 2Ss. to 50s. per ton. Larger-sized material 
could be similarly delivered at about 25s. per ton. • 

.The quartz is said to contain 99’50 per cent, of silica. The quarry 
Is worked by Mr. E. Page, Woodenbridge, Co. Wicklow. 

Similar vein-quartz has been supplied from near Ynyslas Station, 
Cardiganshire. The crushed product is far from well-graded, and 
its cost is prohibitive for glass-making. 

Veins of quartz are of wide distribution among the older rocks 
of the west and north of Ireland, Wales, and Scotland. They are 
not often sufficiently «fchick or persistent to be of economic value. 
Samples hav^been collected from Anglesey, the Lleyn Peninsula, 
Bardsey Island, and other localities. 
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CHAPTER VIII. 

British Resources of Gij ass-Sands, etc. ( continued ). 

B. Deposits, carrying Alumina and Silica. 

Alumina commonly occurs Cn ,sa&ds and rocks used for glass¬ 
making ill the form of the mineral felspar Or the decomposition 
product, kaolin . (china-clay), which results■ largely from ,the 
alteration of felspar. Certain rocks—as. for example, thosje of the 
Triassie and Carboniferous Systems—aril'rich in decomposed felspars 
and contain a certain amonnt of clayey material. This renders their 
-crushed products poorly-gradei, but the small proportion of alumina 
present may actually he an advantage, as in the case erf bottle- 
making. CI y , hei;a strength and toughness aie required in the glass. 
Unfortunately, most British sands bearing a high proportion of 
alumina contain also muyh iron, and are useless for the manufacture 
of glass-ware other than common bottles. 

A prejudice against alumina in sands for bottle-making wae 
formerly met with, but it is now slowly dying out. In hire cases 
alumina is even added to the batch for bottle-making. Dr. W. E^S. 
Turner, of the Department of Glass Technology' in the University 
of Sheffield, is of the opinion that., far from having a tendency to 
cause devitrification, alumina if in moderate amount has just 
the opposite properties and will prevent glass from denitrifying. 
Experiments have shown that when alumina is added to a window- 
glass batch, the glass which is produced does not undergo devitri¬ 
fication when heated in a blow-pipe flamef If the amount of 
alumina is high, it is possible for a clouded glass to he produced, 
as when felspar itself is used. According to the investigations<of 
Singer*, it is possible to add to a glass-batch containing alumina 
more sand and more lime, and to, reduce in proportion the amount 
of alkali, thereby cheapening the cost.of production. 

Of the sands and rocks described or mentioned in the foregoing 
pages, thosy; from Sandymount Strand (Dublin), Parsley Hay and 
Brassington (see below), ( Charlton, South Cave, Huttons Ambo, 
and Levenseat, carry appreciable, and sometimes large, quantities 
of alumina +. t 

1 The sand fr6m Safidymount Strand is used in the Dublin black- 
bottle industry. To give greater “ body ” to the glass, brdken 
lumps »f Bridgwater or oflier homogeneous brick are added to the 
bajfh. The brick is red and is highly ferruginous, as t&e following 
analysis iadicates:— 


* F. Singer,'" Die Keramische Rundschau,’ vol. v» 1915, “Ueber den 
Einfioaa von Tonerde auf die Sohmelzbaekeit von Glaeem.”, * 

+ See note on page 34 referring to sand from Martin roda n*ed for ther- 
mometer-gl&M. 
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• Analysii of Bridgwater BricA 

®O a \ ..• 

58'20 $er 

jU.,0, 

16-42 

TiOy .... 

1-29 

Fe.O, 

6-J4 

FeO 

0-13 

CaO ., . 

7-37 

MgO 

3-02k 

K,0 

3-«5 

tea ,0 

0-93 

,t'Cf 

’ 0-13 

*p,6. 

0-07 

MnO 

0-08 

Lo.sh on ignition . 

[H_,0 anttearbonaeeous 
matter, j* 

2-50 

# Total* . | 

1$)'53 per cent. 

• 


The* addition of tlys brick increases the depth of colour of the 
bottles* and •undoubtedly strengthens them by’toiighening the 
glass—a result of the addition of the*l6| percent, of alumina. 
This is a distinct advantage where the*bottles have shoulders and 
are required to stand considerable pressure from contained gases. * 
In the St. Helens district a baked clay is added to the batch for 
the same purpose. A partial analysis of such a baked'clay from 
Messrs. Nuttall’s works is as follows:— 


SiO, 
.41,6, 
TiO, 
Fe,0 3 


G3*99 per cent. 
15-17 
0-65 
6-13 


Total. 85-94 per cent. 


“ Spital |and ” is used for bottle-making, and contains almost 
^3 per cent.' of alumina. The sand from Worksop is similar in 
mineral composition and might well be more extensively used in 
the bottle industry of Yorkshire, whit?h is located close at 
hand. . , 

Eagleseliffe “sand." mentioned in Chapter X., i»a*chemically- 
treated rock of the same age. The iron-content (jas been very 
much reduced (see analyses), but thf alumina, forming 3'51 per 
■eeiTt., has been retained." The Stiyer Quartzite and the Appin 
Quartzite are felspathie, and in consequence contain about 2 per 
■cent, each of alumina. The Port-a-cloy’rock ‘has already been 
described (page 93) and contains, before jvashing, 12'66 p« cent, 
of alumina. A washed material froln it contains still. 023 per 
■cent. of. iron oxide (Fe,0,) and 11'57 per cent, of algjnina. 
Kaolin-bearing sands and crushed rocks cannot b« washed to 
reduce the iron-content without loss also of the alumina (se*, 
for example, the analyses of Huttons Ambo sands on page 65: 
before washing, 368 per ceflt. Al,O a , 1'28 per cent. Fe a O s ; after 
washing,'#'84 per cent. Al a O a , 0-03 per cent. Fe.,0,). 
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Tn (addition to ‘the above, the following alumina-bearing safids 
and rocks may be'mentionid :— 

(«) Sands, Clays, urc. 

§ Kaolin, as prepared in Cornwall and Devon from the altered and 
decomposed granite, is used in ^ass-making where resistant or 
toug^ glasses are required. It is added to the batch in the hsual 
way, tvd shnee it is a refractory body, greater beat ■ is required to 
get it into solution than is nhuaily required in glass-making. 
Moreover, aggregates of the mineral sometimes' form and ifVe 
difficult to melt up. They tend to remain as'“stones." Any 
natural sandy deposit therefore which is low in iron-content and 
rich in kacllin. and lias its sand-grains ciy.ted evenly by the latter,* 
<it of considerable value for particular glasses such as those used for 
chemical and phmnaceutical purposes (laboratory apparatus, com¬ 
bustion tubing, thermometers, ampoules, etc.). Such materials 
Cannot, of wsurse, he well-graded. ‘ 1 

The kaolin resources of" England Jiave been carefully described 
in detail by .1. Allen hfowe, in a Memoir of the Geological 
(survey. “ A Handlmok to the Collection of Kaolin, China-Clay 
and China-Stone in the Museum of Practical Geology" (11)14). 
Since the production of the Handbook, fresh but smaller resources 
have been discovered at Holyhead Mountain, Anglesey (worked bv, 
W. Wild & Sons Ltd., Brassfounders, Liverpool St., Sheffield), and 
Port-a-clov, Co. Mayo (The China-Clay & Felspar Coiujjany Ltd., 
Dublin), as well as a few other localities. 

In the preparation of china-clay (of theoretical composition 
A1,0,. 2SiO,. 2H.O), great care is taken to eliminate all micas, etc,, 
partly because of their coarseness and partly liecause of the alkalies 
and alkaline earths in their composition whi*h render the clay 
less refractory. For glass-manufacture the small quantity of 
alkalies in the settlings known commercially as “ micas ” is not* 
objectionable and may even be advantageous. An analysis of 
“coarse micas" mechanically septum ted at the Standardised China- 
Clay Company's Works at ltoche, Cornwall, is as follows:— 


SiO, 

48’ 18 per cent. 

Al.,0, 

36-14 

TiO., 

Oi.5 

Fe 2 Oj 

0-98 

CaO 

0‘13 

i*eO 

0-28 

K,0 

2-12 

Nab 

0-23 

Lobs on ignition 

11-93 


Total 100-14 per cent. 

The tips of rfejected coarse material from the kaelin workings in 
Devon and Cornwall contain high silica and fairly high aluminas, 
content. The tourmaline could be extracted by elect *) magnetic- 
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mlans, and the. alumina .is mostly present as tnicas, kaoli®, and’ 
partially decomposed felspar. The deposits are poorly graded, c;on- 
tUning much coarse Vjuartz and felSpty. M is a pity thj material ' 
cannot be made ’use ; of; sands with a good proportion o£ alumina 
$re desirable for certain glass-work, and a market is badly-neededjror . 
the rejectamenta from the kaolin-works. The material is utilized 
for the .making of refractory blacks. 

*. • 

§ Refractory Sands, etc., of Devonshire. 

•The deposits* ocuur in two well-marked basins, south and north 
of Dartmoor respectively. The basin of Bpvey has long been 
known and lias frequently been described and discussed *. Kaolin- 
bearing sands and firecfevK, associated with lignites,,have been 
worked on a large seal? at Heatbliidd, and also near Newton 
Abbot. For tile greater pan, thy sands bear too much tourmalin# 
(boro-siliCate of aiufhiniimi and iron) to be of use*for glass-making, 
and t% electromagnetic separation of the mineral would prove too 
expensive. The deposits are of conskhsnihle value tor refractory" 
purposes. * 

The second basin occurs north of Hatherleigh and south of 
Torrington, in North Devon, and has not yet been described ifi 
detail.- In recent years large open-cast workings and mines have 
been made in order to obtain the peaty clays and clayed sands for 
the making of fire-bricks and for pottery purposes. The material 
is kaolin-bearing and undoubtedly derived from the Dartmoor 
Granite. A chemical analysis of Torrington sand is given in the 
Table*on page 1.37. 

§ Sands, etc., from St. Agnes, Cornwall. 

Sands of white <b yellowish colour, fclsjaithie and kaolin-hearing, 
occur in association with refractory clays near St. Agnes Deacon,* 
Cornwall. The deposits, which occur on the 400 ft. platform, are 
believed to be of Pliocene age. They hay) been used as refractory 
materials, but are of limited extent and thickness. The principal 
pits are close to Beacon V'ottage, one mile west-south-west of the 
Church and half a mile north of the Beacon (west and west-north- 
west of the Church). The best whitish sand occurs below red 
sayul and “ candle ” clays. The material can he shipped from 
Trevanaunce Cove or Chapel Combe near by, or carted to St. Agnes 
Station (two miles). The resource of the *o'ea \piuld very soon be 
§xhausted. 

§ Kaolin from Anglesey. 

6 n rfolyhead Mountain, Anglesey, several dylce^ occur*in the 
pre-Cambrian quartzite (s« page 96). They have a north-south 
strike and vaiyy in width from about twenty feet to a very small 

* See, for example, Mem. Geol. Surv., “ The Geology of the Country 
•round Ne#ton Abbot ” (Sheet 339), 1913, 
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amount. It is difficult to say what the original rock of these dykes 
has been. In plates, the day now filling them is somewhat sandy, 
but in others the clayey material is so purefas to disoountename 
the suggestion that they were originally .microgranite. The 
presence Of (juartz-veins in the adjacent rock, and at times tljft 
abundance of limonitie matter in the dykes, together with plentiful 
evidence of alteration of the quartaj.te walls of the veins and dykes, 
suggests .hydrothermal action and that the dyke-materials in their 
pre8ent v form may be secondary in origin. The dykes at present 
being worked occur in Messrs. Wnt Wild & Son*’ quarry, wheye 
the clay has been used as a binder for the broken quartzite ®in 
making “gannisten” for lining steel-converter*. A very good 
grade kaolin lias been washed out of the material from another 
of these dykes. The chemical composition of a sample of the raw 
jnaterial, which is a clayey aand, is a ^follows :— 


£0. 

Al.,6, 

ViO.. 

Fe0‘ . 

Fe,0, 

Cab 

MgO 

K,0 

Nu,0 

MnO 

Loss on ignition 


94*90 per cent. 
2*31 
0*45 
0*48 
015 
0*13 
0*12 
0*74 
0*02 
trace 
0*68 


Total . 99*98 per cent. 


The alumina-content of this sample is surprisingly low. It 
probably cannot be taken as typical. 


§ The Refractory Sands of Derbyshire and Staffordshire. 

The irregular accumulations of sands and clays which occur in 
hollow's in the surface 6f the Carboniferous Limestone district of 
Derbyshire and Staffordshire are well-known on account of their 
highly refractory character. They have been mentioned by Geo. Maw, 
J. Allen Howq, Dr. A. Strahan, and others, but no systematic account 
of them seems to have been jvritten. At present they are utilized 
for the making of high-elajs silica-bricks, when variability*in 
iron-content, up to several per rent., is not detrimental. Selected 
deposits of white *to cream-coloured sand or clayey sand might be 
of considerable value for glass-making, but the available resources 
are very' limited and it will be difficult to keep to sample. 

Th^e kaolin-bearing sands are free from alkalies, lime, etc., 
and at time* carry very' little iron oxide. They' are worked at 
Qarsington Pastures, near Harborough'Roeks, at Longcliffe, Low 
Moor, Friden, Blake Moor, Parsley Hay and Alsop en le Dale in 
Derbyshire, and also at Ribden in ‘Staffordshire. The hollow! 
»ie clean-sided, with fresh limestone walls,, steep and gometime* 
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oveAangmg. The limestone displays no evidence of ordinary 
. weathering. Signs of stratification ar* visible Jin the material 
' filUtig the 'follows; t^e association is not turbulent as described, 
but appfiafs to yield evidence of a. definite ordct related to the 
succession of the Triassic’ sediments; which at one time^bre con¬ 
tinuous over the whole district. Bunter S^ldstone, the Pebble-bei 
Keuper Marls, and black shale pjobably belonging to the Bhsetic 
• have foundered into the hollows. The oldest deposits occur neares' 
tlie walls of the basin. The various sediments have sjiffer&d i 
curious alteration, ehanictejizgd »by .the production of**k*solu 
material and the almost complete elimination of alkalies«nd alkalim 
earths. The appearance of the workings, especially of the whiti 
deposits of the central and deeper portions of the basins, is striking!; 
similar to that of the chifla-clay pits of Devon and Cornwall. Oni 
area at least reproduced the coijditionsof ^ie Bovey deposits—indeed 
Geo. Maw noted the^similarity long ago,—lignite^ pipe-clays, ant 
• refractory bands indicating the filling up of a swampy hollow witl 
vegetation an*l kaolin-mud at artime when the bulk^of the Triaasii 
rocks had beeif removed, but when foundering was still m progress 
Chemical analyses of some of the purest of these deposits are 



Parsley Hay. 

Brassington. 

Newhaven. 

SiO' . . 

74*54 

90*40 

98*17 per cent. 

A1 2 0 3 . . 

. 18*04 

6*56 

0*71 • 

TiO a 

n. d. 

n. d. 

0*42 

Fe 2 0, 

0*05 

0*18 

0*025 

CaO 

0*19 

0*10 

0-11 

MgO 

none 

trace 

0*07 

k 2 o 

n. d. 

, n. d. 

0*09 

\a 2 0. 

n. d. 

n. d. 

0*02 

Lobs on ignition 

7*24 

2*48 

0*41 

Totals 

*. 100-06 

99*78 

100*025 per cent. 


The composition of the Parsley Hay material corresponds to a 
mixture of about 53 per cent, of pure silica sand, and 45 per cent, 
pure kaolin (of composition Al 2 ® 3 .2SiO s . i?H 2 0). 

Mechanical analyses of Wne of the deposits, which are neces, 
sarily not well-graded, sinoe they are clayey sands. a& 


<4 


• 

• 

cs. 

>0*5 & 
<1 mm. 

MS. 

>0-25* 

<0-5. 

FS. 

>0-1 & 
<0-25. 

1 t 

• s. 

. >0-01 & 
<0-1. ' 

c. j 
<0*01 | 

tnm. 

s. 

Total sand-grade 
>04 mm. 

rsley Hay ,. 

0-3 % 

20-2 % 

35-7 % 

.13-5*% 

30-3 % 

56-2 % 

laaington ... 

1-5 

71-4 

11*8 

2*1 . 

13*2 | 

• 84-7 





>0*05. 

<0-05. 


• 

iden . 

4*6 

43*6 

£3-8 

0-6 

10-5 

16-9 * 

72-0 

whaven. 

0*2 

49-9 

30-4 

1*0 

10*9 

7-6 1 

80-5* 

ngolilfe . 

2-2 * 

58-6 

23-7 

0-7 

5-2 

9*6 

84-5 

rain&ton ... 

2-0 

• 

68-7 

lt-0 

0-8 

4-1 

18-4 

76-7 
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^he mineral assemblages of certain of the deposits include 'well- 
rounded grains p ( f heavy (minerals. Among the species noted were 
anatase, apatite, cas^teri^e, epidote, rutile/ spinel, staurolite,<and 
zircon 


c 

§ Deposits in North Wales., 

Similar materials, hut more siliceous and apparently derived 
a)scf from Millstone Grit or Carboniferous sandstones which 
have Tong since been worn auvay, ,pccur in tire surface of the 
Carboniferous Limestone areas of Flintshire (Halkyn, Rhes y cae, 
Pant du, etc.), Denbighshire (near Llandudno and Abergele), and 
Carnarvonshire (Conway, etc.). Analyses of some of these 
deposits $re given in the Tables on pagj*-. 157 and 164. With the 
possible exception of Abergele, they are of small extent and for the 
most part not now worked. t, 

In the recent quarrying of the limestone at Kinmel Park Camp,' 
near Abergele, a fair amount of this mate) ial seems to have been 
exposed. "The quarry, however, has since been partly tilled in, and 
little can be seen except cjayey matter which is reminiscent of the 
Derbyshire deposits and may be derived from the Trias. Indications 
are seen all over the area of similar deposits and of likely hollows,- 
and explorations might reveal supplies of valuable refractory 
materials. The white sand from Abergele (Kinmel Park) forwarded 
to the writer by Mr. R. D. Griffith of Bethesda, is rather sugary in 
character, containing many compound grains. It may have been 
derived from the Millstone Grit, and is much less aluminous than 
most of the other deposits mentioned. Its chemical eoniposition 
is :— 


SiO a .... ... 99*35 per cent. 

A1„0, 0*54 

Fe.O,, . 0-04 

Loss on ignition 0 36 


'Total .^.. 100*29 per cent. 

Alkalies and alkaline earths not determined; probably absent. 

It is of if good white colour and does not change on ignition. 
The mechanical analysis indicates that 'treatment by washingcand 
screening would improve it 

>1 mm., 2*6 % ; >0’5 & <1 mm., 8'8 % ; >0*25 & <0*5, 77'7 % ; >0*le£ 
<h'25, 8*6 % ; >0*01 A <9*1, 2*3 % ; <0*01, none. Total sand-grade, 
>0*Pmm., 97*7 %. 

rves CS MS FS s _c_.J5_.-J 
L 2 7 6 ’ 8*6’ 77*7’ 8*8’ 2*3’ 0*0 ’ 97*7 J 

I 

The detrital mineral residue is .very small in amount (0*01 
per cent.) and shows the presence of minute zircons #nd rutiles 
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(0(fc to 0'05 mm. in diameter), ilmenite and limofiite, anatasepand 
muscovite flakes (04 mm. diameter). 

Without further exploratory work,'na opiifion can he given as to 
the available resources. t In any cstse, the material haajio, great 
a^eal extent; it merely occupies hollojvs and cracks in t^e 
Carboniferous Limestone. 
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CHAPTER [X. 

British Resources of Rocks used in Glass-making 
(Felspar's, etc.). 

c 

-.Siliceous Rocks bearing Alumina and Potash. 

Although large quantities of rocks rich iff ahnnina and sMica 
occur in the British Isles, few contain little *ir no ferruginous 
material. The otherwise pure felsites and rhyolites are qpen to 
this objection. The chief rocks, therefore, which may be of value 
,to the glass-manufactures are pegmatites, aplites, microgranites, 
and modified granites free ft bin iron-bearing minerals. Some 
likely-looking rocks were analysed and yielded the* fallowing 1 2 3 ' 
, results:— i 



(1) 

(2) 

(3)‘ 

Si0 2 

80*12 

“ 82*88 

78*84 per cent. 

A1 2 0, . 

10*68 

9*39 

10*50 

Ti0 2 

0*09 

0*15 

0*14 

FeO 

0*49 

0*56 

0*26 

Fe.O., 

0*06 

0*22 

0*33 

CaO 

1*01 

0*09 

0*20 

MgO 

0*63 

0*20 

0*07 

k 2 o 

1*42 

1*88 

8*65 

Na 2 0 . 

3*44 

3*98 

0*41 

BaO 

0*01 

trace 

0*03 

MnO 

0*05 

0*01 

0*02 

H 2 0 + 

0*80 

0*48 

0*57 

h 2 o- 

0*28 

0*13 

0*10 

CO, 

1*20 

Cl trace 

trace 

PA 

trace 

none 

none 


0*03 

0*02 

n. d. 

s 

0*09 

none 

0*23 


100*40 

99-99 

100*35 per cent. 

Less 0 for S 

.. .. 0*03 


*08 

‘ 'Total . . 

.. . 100'37 


100*27 per cent. 


(1) QraVophyre from Brandy Gill (Carrock Fell Syndicate Co.). 

(2) Felsite from Wicklow 1 , H. 5. . 

(3) „ „ TramoreA Waterford), C 2. 

| 1 

©ther partial VnalySes are given in Table III. page 158. These 
analyses are given as .fairly typical examples of what may ^e 
expected so far as glass-nlaking is concerned, in rocks of this 
char|cter. The iron-content is too high for good glass-making. 

The best and most accessible British rocks of this kind 
^pegmatites, aplites, etc.) are mentioned below. They generally 
occur as dykes, that is, more or less narrow parallel-sided sheets of 
rock intruded into other rocks, usually standing almost vertically. 
The outcrop of such rocks at the surface is rarely «nore than 
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a hundred yards wide, and is often only a few feht, but it may 
be,of considerable length, and the roek*may exAnd to a great' 
depth.. . . • . * * * i * 

The pegmatites consist plainly of qbartz and felspar organized 
toother. The felspar may contain potash,joda, and lime. ‘ Those 
rocks which bear potash are mosjf in demand by the potter and 
glass-manufacturer, and have tlierofore been investigated more 
fuHv. * .* • • » 

Felspar is chiSflv used in the glass-industry of this country it* 
the manufacture (j chemical l'eing imported for the purpose 
from Norway and Sweden. Owing to the fact that ‘felspar is 
usually delivered in Vie form of either pegmatite «' graphic granite., 
the exa*t composition of the rock is always liable to vary in 
successive consignments. *Jhe use of kaolin (china-clay '} is open 
to the same objection, hut U\i smallef degree. For the best * 
qualities inejuding optical glass, wht*e, however, th* requirements 
of raw lftaterials other than sand are relatively small in amount, it 
is found Advisable to adS the soda, potash, lime and nluraina, in a 
form of purity and in the required proportions. For second-grade 
glass-ware, the use of felspar is a conveiRent and cheap means of 
adding both potash and alumina. Care must be taken, of course, to 
insure that the iron-content of the felspar-rock is low (as it is 
in many British pegmatites). Little use is made of felspar at the 
present time in the bottle-trade. As already mentioned, the 
requisite alumina-content is obtained in rough work by the addition 
to the batch of brick, baked clay, or even raw ball-clay. For flint- 
glass bodies, pale bottles, etc., where strengthening and toughening 
are required, china-clay is sometimes used. British felspars, if 
properly worked, should be cheaper to procure than foreign material, 
and might l>e used with advantage much more extensively. 

• 

t Potash felspars. 

The chief potash-hearing felspars which occur in Great Britain 
(but not in Ireland) have already been dea^t with in one of the 
Special Resources Memoirs of HSU. Geological Survey*, recently 
issued. One at least of.those described, besides others not, mentioned,, 
are at present being worked. • 

The following account includes notes on Roche felspar additional 
to thpse published. 

Felspar from the old quarry* of Trwiayes, near Roche, 

• Cornwall. m 

The following description of the deposit Is given in the Memoir 
of the Geological Survey upon Bodmin and St. Austell, 1909 
(pageJ61,%2):— „ . * 

“ At Tresayes Downs there *s a wide extremely coarse pegmatite ^ 
vein in the Killa^a few yards from the margin of the granite. It 

# m Special Reports on the Mineral Kesouroes of Great Britain. Yol. t. 
Potash FelspJ, etc.” Mem. Geol. Survey, 1916. 
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ccnsists mainly of enormous orthoelase crystals, roughly parallel 
.and arranged {erticallyi some of which are graphically intergrown, 
with quartz. Soun quprtz occurs intersAitially, frequently* asso¬ 
ciated with tohrmaline and a little fluorspar. There is also a little 
pale mica. The vein has a north and south direction nearly 
' parallel with the margin of the granite at this place, and is nearly 
50 yards in width. The vein was formerly worked for felspar for 
use in glass-making/ but the work was abandoned about 1680.” 

Some half-a-dozen trial holes have recently been put down and 
the rock proved over an area One, hundred yards long by fifty yards 
wide. A i the time of the writer’s visit, the pegmatite was visible 
in the old quarry to a depth of about ten feet, the bottom bsing 
occupied by water. The pegmatite is rather iron-staii^d along 
joint-planes and contains crystals of tourmaline. For glass and 
pottery purposes, the fa'spar is hijiid-picked. The best means of 
transport is dpwn the small vkiley to Carbis siding. A mineral line 
already extends almost up to the quarry, which at tlwe time of 
writing Jias voice more been opened up. 1 (rood-quality felspar is 
being extracted. , 

The following are anises of lloelie felspar:— 



(1) 

(2) 

(3) 

(4) 

SiO, 

65*00 

65-33 

62-98 

64-21 per cent. 

ai 2 o ( 

19-00 

19-16 

18-92 

19-66 

Fe 2 0, 

0-50 

0-50 

1-18 

0-18 

CaO 

1-57 

1-68 

0-75 

0-35 

MgO 

tr. 

tr. 

0-36 

0-07 

k 2 o 

10-37 

10-37 

11-68 

12-35 

Na 2 0 

2-40 

2-40 

4-18 

2-79 

H 2 0 

0-83 

0-50 

0-30 

0-73 

Totals . 

. 99-67 

99-94 

100-35 

100-34 per cent. 


(1) A (2) J. A. Phillips, Phil. Mag. Feb. 1871. 

(3; W. Croseley, 281 Dunstan’s Hill, E.C. 

(4) Dr. H. F. Harwood. Analysed with eBpecial regard to glass-making 
requirements. No titanium or barium was present. 

The quantity of iron in (3) may lie due to included tourmaline 
crystals. ' ‘ , 

The cheuical analysis j 1) corresponds to the following approxi¬ 
mate mineral composition‘(percentage weights by calculatioij):— 

Potash-felspar ,. 73'18 per cent. 

Albite ^soda-felspar). 23*67 


06*85 

Eemainder (mainly quartz) . 3*49 


Total . 100*34 per oent. 

Other dykes of pegmatite are now being opened up at Kernick, 
near Trevisco, and on Trelavour ©owns. Chemical and mineral 
analyses of these deposits will be found in Table IV.,qmge 160. 
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felspar from Pegmatites occurring in Scotland. 

' 'A fcirly full account *f the most acce^ible, pegmatite veins in 
Scotland has’been given in the memoili cited*. Th! veins af three 
localities (1) between -Lochs Laxford - ami Inchard, (2) f£tween 
Durness and Eriboll, and ( 3) at Overseaig, L®ch Shin, are described' 
in detail with accompanying sketclf-maps for the first and second 
localities The veins at the first fwo places incur in the I^wisian 
Gneiss in the extreme north-west of Scothftid, where the working 
conditions jjnd questions of tijmf,pOt't leave much to be desired. 
The 'Overscajg pegnuftite occurs in the Moine Schists and is also 
difficult to work f*>m rad or boat. The estimated resources 
from tht^most accessible veips at the first locality mentioned are 
not less than 190,000 tons. * At the second locality, not lt*ss than 
twelve million tons of jiegma\it* arc avaihjde. 

A chemical analysis of the roflt fnfln the third locality is given 
as follows:— 


•OO, 

72*94 per cent. 

ai,6, 

14*20* 

TiO, 

0 0% 

Fe ,6, 

0-21 

FeO . . 

O’22 

(CoNi)O 

nt. fd. 

CaO 

0-23 

Mg-0 

0-08 

K ,0 

7-42 

Na,0 

3-49 

Li,0 

trace 

BaO 

0-25 

H,0 at 105° C. 

0-05 

H,0 above 105° C. 

0*17 

p.,b. 

0-49 

MnO , 

0-11 

FeS. 

nt. fd. 

co; 

o-oo 

Total 

100*04 per cent. 

* E. G. Radley (Anal.) 

i 

Calculation from this analyses gives (percentages by •weight) 

Microcline 

43*qp 

Albite 

29*61 

Felspar 

J3 # 57 

Minor Constituents 

2*38 

Quartz .. 

24*09 by difference. 

Total 

100*04 per cent. 

Chemical analyses carried put b} 

• Dr. Harwood, with espech 

reference to the requirements of the glass-industry, of samples c 


*' « Special Exports on the Minefal Besources of Great Britain. Vol. ■ 
Potash Felspar etc." Mem. Geol. Survey, 1916. 
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C’ 

Scottish pegmatites collected' by the writer may be add<$d for 
•comparison♦ 



'(1) 

(2) ' 

, (3) . 

Mb 

69*05 

71*53 

70-36 per cent. 

At 2 o 3 

16-84 

15"33 • 

15-97 

TiO, 

none 

trace 

none 

Fe A 

0*07« 

0-05 

0-08 

CaO 

0-21 

0-28 

0-12 

MgO 

0-06 

0-15 

0-08 

K a O 

10-08 

10-43 

10-42 

Na,0 

- 2-&3 „ 

* 1*»1 

„2-19 

BaO 

0-12 

0-60 

. »* 0*53 

I.n-s on ignition 

0-42 

0-21 

t 0-29 

Totals 

99-68 

100-49 

100-04 per cent. 


(1) From the exposure on the shore, of* Loch Shin, a little more than 
600 yards south-east from Qvers/iig Farm. r 

(2) From a vf£n 300 yards north of Badcall P*er, about a n?ile north-west 

from Laxford Bridge, Sutherlandshire. * ' 

(3) From a tk’ck belt of veins on the nbrth-west'slope of Bdinn CflLnnabeinne, 
near Durness, close ,to locality A of the sketch-map in the Report on 
Potash-Felspar by H.M. Geological Survey. 

The approximate mineral composition of each sample calculated 
from these analyses is : — 


Potash felspar 

0) 

59-71 

(-) 

61-80 

(3) 

61-74 per cent. 

Albite (soda-felspar) 

24-01 

16-20 

18-58 

Quartz and other constituents 

83-72 

15-96* 

78-00 

22-49* 

80-32 

19*72* by difference. 

Totals 

99-68 

100-49 

100-04 per cent. 


The following note t as to the composition of the Scottish 
pegmatite veins is of importance to glass-manufactuifers :— , 

“ The pegmatite material consists predominantly of quartz and 
felspar. Iron-bearing minerals, such as biotite and hornblende, 
are present, but generally constitute l$ss than 1 or 2 per cent., and 
though the proportion may sometimes reach 5 per cent., it is only 
in certain infrequent bands. Whert the pegmatites are unerushed, 
these ferromagnesian minerals (which tend to be associated with 
the plagioclase felspars) could he hand-picked from the quurriM 
material.” ... 

•Such iron-bearing'minerals as biotite and hornblende are very, 
undeeiiable in felspars used for glass-making. The iron-percentege 
in the .analysis quoted above (FeO + Fe/),, 0'43 per cent.) Is too 
high for good glass-making. 

* The content of barium felspar (celsiap) in 1, 2, and if is <H8 %, 2'4£ %, 
* and 2-14 % respectively. The remaining minor constituents are small in 
amount. * • 

+ “Special Eeports on the Mineral Resources of Great Britain. ToH v. 
POtaah Felspar, etc.” Mem. Geol. Survey, 1916, p. 9. 
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The average mineral composition of the pegmatites is said to 
be:—quartz 24'8, and felspar 75'2 per ee»t. Figures in particular 
'aliases vaVjr between the extremesquartz l/'(j5, and t felspar 
82'33 pet dent.; quartz 89'0, and felspar Ol'O percent. 

.The average value for‘the potash'-percentage in the fftftlierland 
fefs’par is stated by H.M. theological SuA-e.y to be 12-81, whidli 
agrees closely with that of felspar from other localities. The# 
potaslt-cohtont of the peginatifes would thus amount Jo about 
9'2 per cent., which is in accord with the* results of the ana^y-sfjs 
made bv the Surwev. * 

V ‘ _ • . 

.For the following notes, published by permission of the Director 
of the Geological Survey of Ireland, on the Helleelc felspar, the 

writer is indebted to Mr. W. D. Wright, B.A., F.G.S:—. 

* 

The Pegmatite Deposits of Belleek, Co. Fermanagh. 

“ The^elspai- deposit* of Belleek, the presence of which in the 
district was orfr of the inducements widely led to the estahlishment 
.of the Belleek Pottery, occur in the arej of gneissose rocks to the 
north of Belleek and Castlecaklwell. They are not. however, 
.exploited at the present time, because the requirements of the 
Pottery are so small that it would not pay anyone to mine for the 
purpose of supplying this demand alone, as long as materials can 
,iie obtained from Norway at prices which are reasonable. The 
Manager of the pottery states that from his point of view there is 
little to choose between the native felspar and that which is now 
imported. 

i “ The felspar occurs as the main constituent of pegmatite dykes, 
which are found traversing the gneissose rocks. It is. to a varying 
extent, graphically intergrown with quartz, and in some places 
penetrated by coarser veins of quartz. White mica also occurs 
here and thwe as an impurity. 

“ The following are the localities (as far as they could be ascer¬ 
tained by local enquiry extending over two days) in which attempts 
have been made in the past^to test the extent and quality of the 
felspar-bearing veins. . . 

“ (1) Townland of Derryifina Glebe, north of Lough Scolban, 
and three and a half miles E.N.E. of .Belleek. Th? pit is now 
filled up, but the vein is reported by a local farmer to have been 

• four feet wide. There is a heap of feffipar containing about three 

• tons beside the pit. It is graphically intei^rown* with quartz, in 

tUfe proportion of say one part of quartz to three or four parts of 
felspar. The felspar crystals are sometimes as much as ^8 inches 
square. , 

“ (2) Townland of Scardans Lower, two miles nortli of CJstle- 
caldwell. The vein appears to be about 4 feet wide and the shaf( 
that has been supk in it is reported to be about 30 feet deep. The 
felspar got out here is not so pink as elsewhere. The crystals are 
■ up to a f($>t in length. There is, if anything, less graphically 
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in%grown quartz than at Lough Soolban. The vein is said to 
have a definite wall and to part easily from it. 

“ In this townland there are several other localities where felspar 
can be seen exposed at the surface, or where the local farmers state 
that explorations have been carried out in the past. 

“ (3) Townland of Earkhill, in the bog to the north of Croagh 
More, a vein has been opened up in this locality running N. 35 E., 
and dipping N.W. at 50 or GO degrees. It appears to he 1 or 5 
feet! thick and was excavated to a depth of about 20 feet at the 
N.E. ehd. There is a heap if about 20 tons, at one side. It 
varies greatly in quality and in its quartz content, which seeur to 
he somewhat greater than at localities (1) and (2). 

“ There have been some other minor openings in the same 
townland 

“ (41 On the moorland between Loughs Unshin and Columb- 
kille, about a quarter of a milt S. Vv, of Lough tTnshin and two 
and a half miles north of Belleek there is a nine-foot yein of 
. pegmatite ruining W. 35 N. and traceable for about §p yards. 
Only surface quarrying has been done on this vein. It varies a 
good deal in quality. In some places it contains a fair amount 
. of quartz and mica, but in others it is almost entirely composed of 
large felspar crystals with minute graphic intergrowth of quartz. 

“The localities numbered (1) to (4) are, as regards size and 
content of the veins, the best; which are at present known in the 
district. Veins up to two feet in thickness occur in many places, 
as for example at Garvary, near Castlecaldwell, where several 
openings have been made. These, however, are hardly worth 
considering until it is known that the larger veins could be made 
to pay. 

“ As regards the continuity, laterally and in depth, of these 
veins or dykes of pegmatite, it is impossible to make any confident 
statement, as the country in which they occur is so much obscured 
by drift and bog. Smaller veins in better exposed grdund are seen 
to be fairly continuous for considerable distances but vary much 
in width. There ought to be about the same ease or difficulty in 
following them as there is in following,.an ordinary lode, and they 
'have about the same chance of maintaining their width. 

“ From the nature of the rocks ahd the reports regarding the 
shafts already sunk, it is not anticipated that any difficulty would 
arise from water in the mines. A certain amount of felspar could 
undoubtedly be got out by, surface quarrying, but in the end 
misiing would have to be resorted to. 

“ The following are distances from the railway:— 

O 

“Locality (1). 1 mile from Castlecaldwell Station. 

(2) & (8). 1 mile from rail, 2 miles from Uastleeald- 
well Station. 

(4). 2 miles from Belleek Station. 

“ The railway freight for coal from Londonderry to Belleek is 



4s. (kl. a ton. 
gation.” 
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The harbour at Ballyshanmm is difficult of i^vi- 
hlvsw nf tllP ftpllpplr Pmm.tfc. 14 4' 44..;. 


cod ‘and Mr. A. 

A. Eldridge) 

are as 

foflows : 

_ 

Locality 

(1) 

(2) 

*3) 

(4) 

SiO, 

73-18 

33*07 

65*74 

70*96 per cenl 

al.0.,. 

14-58 

,14*71 

18*36 

15*53 

TiO- 

none 

none 

noifb 

none 

Fe A 

o-oo 

0*05 

fi*06 

0*27 

CaO 

0*22 # 

# 0«2 

. 0*21 

0*28 

avigO 

0*08 

0*05 

0*13 

0*07 

K.O 

. 10*48 

10*14 

13*08 

10*95 

Na.O 

1*52 

1*60 

2*07 

• 1*55 

Bad 

trace 

0*02 

0*03 

0*16 

Loss on ignition 

0*27 

• 

0*46 

0*25 

0*48 i 




• 


Totals * 

. 100*39 %100*^ 

99*93 

100*25 per cent. 


The ffcproxyuatc mineral composition of each sample calculate 
Torn thtSe anain’ses is : - • 



(1) 

Potash felspar 

62*10 

Ubite (soda-felspar) 

12*89 


74*99 

i^artz and minor constituents 

25*40 

Totals 

100*39 


< 2 U 

(3) 

(4) 

60*07 

77*49 

64*90 per cen 

13*57 

17*56 

13*15 

73*64 

95*05 

78*04 

26*68 

4*88 

22*20 

100*32 

99*93 

100*25 per cen 


A few other workable veins of pegmatite were also visited i 
, this area by the writer. A chemical analysis of rock from Garvar 
Wood is given in Table IV. page 160. At a very conservativ 
estimate many thousands of tons occur. On the whole, these Iris 
deposits are more easy of access than the Scottish and seem to hal¬ 
ites quartz ifttergrown with the felspar ; their soda-content is als 
less. Occasionally stringers of ferromagnesian minerals are me 
with, as in the Scottish pegmatites, but hand-picking will general^ 
remove these. 


At Ballymanus, near Aughrim (Co. W icklow ), telspar was sai< 
locally to have been worked and used it^ glass-making or potter 
worl^. Prof. Grenville A. J, Cole, F.R.3., Director of the Geologica 
i Survey of Ireland, lias kindly examinecWJ. H. Kinahan’s field-map 
.for the writer, and finds upon them* dykes (.runnipg from norjh- 
ea#t to south-west) of quartz-felspar rock at Ballymanus. W orking, 
except for the granite, has been given up f(fr a long time. ^ 

In‘point of hulk the Scottish deposits stand first ; but their 
relative inaccessibility reduces the value of the large resources 
present. The Cornish pegmatites are very limited in quantity, and* 
are liable to contain tourmaline. The chief iron-hearing mineral in 
the pre-Cagibrian pegmatites is biotite. Other occurrences of 
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felspars in Argyllshire, Co. Donegal (Fintown, Dooey, Glentiespand 
Gweebarra), and Co. Mavra (Belmullet, Erris Head, Doolough, etc.) 
have been visited aiu) their workability is being considered. TSiey 
will shortly be described in detail*; in the meantime, chemical and 
mineral'dfialyses are given in Table IV. page ICO. 

' For comparison withe the analyses of English, Scotch, and Irish 
felspars, may be quoted that : of one of the Swedish felspars 
imported i in large quantities for glass-making and" ,pottery 
purposest- 

SiO, 65*78 per cent. 

Al .63 19-01 

Ti0 2 none 

Frf.O, 0*23 

CaO 0*27 

MgO 0 28 

K ,0 l f i-01 

Na,0 2*21 

* Loss on ignition 0*36 ( 

Total . 99*10 ]fier cent. 

The Scandinavian felspar at present in use at the Belleek Pottery 
c has the following composition (H. F. H. & A. A. E.):— 



SiO., . 

65*60 per cent. 


Al,6, 

19*05 


Tib, 

none 


Fe,O j 

0*02 


CaO 

0*26 


MgO 

trace 


k. 2 o 

12*12 


Na,0 

3*08 


Loss on ignition 

0*28 


Total 

. 100*41 per cent. 

5es of 

“ Mixed Stone " 

and “ Purple Stoije ” are 

Mixed Stone. 

Purple Stone. 

SiO, 

. * ... 72*1,5 

70*31 per cent. 

Al.,0, 

16*28 

16*62 

.do; 

0*20 

0*17 

Fe.O, 

. . 1*45 

FeO 1*50 


0*20 

0*08 

CaO 

1*65 

1*50 

k 2 o 

5*01 

5*69 

Sa.O 

. 1*50 

2*62 

Loss #n ignition 1*15 

1*25 


Totals 99*59 

99*74 per cent. 


# ‘■An account is being published by the writer in the Trane, boc. of Glass 
Technology,' vol. ii. (1918). Dr. A. Campbell has recently dealt with further 
Scottish resources in a paper before t&e Edinburgh Geological Society 
(Jan. 1918). Additional supplies have since been discovered and will shortly 
be described. • 

x Trans. Ceramic Soc. vol. xii. (1912-13) p. 65. 
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With these may be eompni-ed the analyses mad# by l)r. H.fF. 
Harwood of china-stone from the West »f England China Stone 
S> Utoy Company Ltd., St. Austell:— 


SiO, , ,, 

* 75*23 

A1,0, * 

*14*27 

Fc.O, 

0*08 

CaO 

1*64 

MgO 

0*20 

K,0 

4*35 

Na.O 

2*81 

L*hs oh ignition # , 

» 1.-44 


Total 100*02 per cent. 

Duplicate determination of SiO,, 75*19 per cent. 

This rock is crushed and»gi^>und to a line })owder in tlu* works 
at Par, and is selit to the Povfcenef 'ilie analyses are quoted as* 
indicating that china-Jtone and related material, Tf they can be 
secured hjpo f^>m, or with a low. percentage of, iron oxide, may be 
of considerab]t*v<tlue to the glass-trade as sources or* alumina and 
silica, and at times also of potash. 

The British resources of china-stone lTave been fully dealt with 
jn the Memoir quoted above (“ A Handbook to the Collection of ' 
Kaolin, China-clay, and China-stone in the Museum of Practical 
•Geology,'* Mem. Geol. Survey, 1914). • 

, •The following rock is of a similar character:- - 


Meldon Rock and “Sand." (“Devonshire Hard Purple 

Stone. 1 *) 

Worked by the Meldon Valleys Co., c/o Messrs. Fox, Hoy. it 
■Company Ltd., Plymouth. 

Maps. Geological: Old Series, 1-inch, Sheet 2*3. 

0-inch, Devon, Sheet 70 S.E. 

• Situation*^-Lai. 50° 43’ 0", Long. 4° P 50" W. 

The quarries occur about half a mile east-north-east of Meldon 
•Church and near the viaduct of the L. & S.W. Hail way, about 
four miles south-west of Okphampton. 

Formation .—Aplite dyke intrusive into Culm ShaJes*(Carboni- # 
ferous). * 

Description .—The rock occurs as a bi*>ad dyke runiTing roughly 
parallel with the edge of*the Dartmoor Granite, and separated 
from it by an outcrop of Carbon if erous*( Culm) Shales about sixty 
1 feet or more broad. The rock is a fine-grSined •aplite, varying 
in^olour from grey to pale purple. One Jiand runs very tjue to 
sample, and the good conditions of quarrying, the wat^-power 
presept, aqjl proximity of tlie L. & S.W. Hailway, permit profitable 
working and crushing. Water-power and therefore eleptric-pRwer 
being available, it is possible that at some later date, if the market 
permits it, wash is g, screening, and also electromagnetic treatment 
will be instituted to grade the* product and free it from some of 
its iron. 
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chemical aifelysis of the rock is as.follows:-. 


feiO, 

Ti0 2 

Fe.,0, 

CaO 

MgO 

K .,0 

Na.O 

Cl ‘ 

Loss on ignition 


71-07 per cent. 
1670 
0-06 
0-57 '■ 

0-87 
0-05 
8-83 
4-02 
trace 
1 '87 


Total 99-73 per cent. 

Duplicate determination of SiO, gave 70-98 per cent., and of K_0, 

3-81 per cent.' fi 

The iron-content of » sample uf the crushed hut untreated 
product is 0T5,per cent. I* eO \ 1‘ e 2 W, absent). 

The mechanical analysis of the crushed'product is as ( follows,, 
but it should, be mentioned that no attempt has <et made 
commercially to grade the “ sand. 

>2 mm., 24-6 % ■■ >1 mm. ft <2 mm., 18-5 % , J>0-5 A <1 mm., 10-1 % ; 
>0-25 A <0-5, 20-2 % ; >0'1 A < 0-25, 12'5 . , >0-01 A <0T, 8’2 % ; 
<0-01,5-9 %. Total sand-grade. >0-1 nmi„ 85-fl /. 

* r (4 yes cs MS FS s c C A S ~j 

L24-6’ 18-5’ 101 ’ 20-2’ 12-5 ’ 8-2 ’ 5-9 ’ 85'9 j 


The mineral assemblage in the rock is a full and interesting one. 
Apart from the minerals occasionally occurring in veins, etc. 
(axinite, green tourmaline, lithionitc, fluor-spar, etc.). separation 
with bromoform enabled the following to he identified : gieenis l 
and pale yellowish tourmaline, purple to colourless fluor, topaz, 
ilmenite, zircon in very small grains, muscovite, etc. 

The crushing strength is 24.UK) lbs. per square h)Q*i. 

The rock may be valuable tor the alumina it contains and also 
for the proportion oh potash. For bottle-glass, the addition of 
limestone and alkali only is required. The rook is at present 
worked for pottery purposes, the crushed material being suppliec 
at 15s per ton. The freight to Staffordshire is now about 19s. 
per ton ; be'fore the war * was about 11s. The available resources 
are very considerable. 


Potash-btfaring^ Sands. 

VeVy few of the minerals which occur in sands or rocks cfery 
potash.' The felspars have already been mentioned. Muscovite, 
or potash-mica, rarely occurs in quantity in Britain. a partial 
decomposition product of felspar (of which the final stage is repre- 
- wilted by the formation of kaolin)', it occurs in the “micas ot 
the china-clay works (see page 100 for analysis, etc.). The amount 
of ferruginous impurity in these «micas ” almost prohibits their 
use for glass-making. ‘ The only other potash-hearing mineral ot 
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anything like common occurrence is glauconite, which is a siliearf of 
„iroi^ aluminium, and potassium. It ha? been u^d as a fertilizer 
Because of it* potash-content, and it is* also of service for softening 
water. The mineral varies in colour from olive and deMj^bluisli- 
gtaen to such pale tints as to be practically colourless. iTdoes njt 
.appear to have a fixed chemical, constitution—indeed, the term 
probably includes a number of nyinrals of similar composition, but* 
with varying quantities of iron, potash, sodif, etc. Beingf an iron¬ 
bearing material, it cannot be utilized directly in glass^-mAm*. 
fafture. jL'hemidhl analyses of some samples of glauconite are as 
follows :— • * 


• 

(J) 

(2) 

<3) 

SiO a 

49-42 

5IH2 

40-91 per cent. 

A1A 

10*23* 

4-2,9 
| 19-90 

7-04 

Fe.,0., 

10-01 % 

23*06 

FeQ 

3-00 

5-96 

«-64 

•MgO 

3-78 

2-28 

4*40 

mo ' 

<>•31 * 

3-21 

?m 

K ,0 

7-91 

7 8J 

7-31 

Na.O 

0-20 

0-21 

0-91 

HO 

8-08 

o'* 

4-71 

p;o, 


tr. 


Totals 

, . 99-0(1 

99-92 

99*93 percent. 


(1) Koine. 

(2) A Continental Glauconite. 

(3) Channel Islands 


Some highly glauconitic deep green British sands have the 
following composition : — 



(1) 


(2) 

SiO a • 

60-61 


44*76 per cent. 

A1 2 0,' 

9*73 


5-62 

TiO a 

0-70 


0-45 

Fe.O., 

FaO 

9-67 

0-15 


9-21 

2-05 

CaO .. . 

1-22 


4*56 

MgO 

1-89 


2-20 

k 2 o 

2-98 


4-40 

Na.,0 

0-33 


0-09 

p,6 s 

0-13 


0-02 



HlO + 

3-24 



*H.,0- 

2-4$ 



CO, 

10-64 



MdO 

0-07 



Cf 

trace 



BaO 

. trace 

Loss on ignition . 

.. 12*38 



fotals ,,., 

, .. 100-09 


99-79 per cent. 


(1) From the Thanet Beds at Bramford, near Ipswich. 
From the Upper Greensand, Collin Glen, Belfast. 
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the [X) tash-content of ,other British glauconites will be found 
in the Table on page J59. 

It may be possible m tltfc future to utilize glauconite as. a spuree 
of potasbf but no British deposits yet found carry sufficient of that 
compound. A satisfactory chemical process must first be devised 
and made commercial. Although the potash-percentage is lower 
than in potash-felspar, the supplies of glauconite are largp and 
widely distributed. 

* Numerous processes have bqsn worked out for'extracting the 
potash from felspar. A summary'of some of tlieye is giten in the 
“ Special Reports on the Mineral Resources of Great Britain. Vol. v. 
Potash-Felspar, etc.”—an account similar to tliat in the Minei'al 
Resources Reports of the United Slates geological Survey. •Refer¬ 
ence may also he made to “The World’* Supply of Potash,” Built 
Imperial Institute, 19115.* A piodijjeation of earlier processes lias 
been suggested' by E. A. Ashcroft (Inst. Mrimig & Metall. Per 
1917). One of the most promising and interesting of recent 
processes is that suggested by Frazer, Holland, and ^lillef'{Journ. 
Indust. «fc Kngin. Chemisfry, tol. ix. No. 10, page Odd, Oct. 1917); 
it aims at producing alifminium sulphate, with potash as a by¬ 
product. 

The results on British felspars of procedure patented by Mr. .1. 
Rliodin were given in the ‘Journal of the Board of Agriculture’ 
for February 1917 (lir Pat. UU 1* of 191 t. Jl .997 of 1911. ai»l 
1(5,780 of 1899). 
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CHAPTER X. 

Special Thkatment of Sands .and Rocks. 

’%nds, like m%iiv # other natufal products, can be improved bv 
washing. H the process is carried out effectively, a third-qualitv 
sand may be brought up to the rank of sccond-cfialitv, but it does 
not produce, in the case ff most British samples, a first-quality 
gla ss-sand. Moreover, the question of extra expense due t(f washing 
(and sometimes •drying also)*|nd ^mse^uent additional handling 
and movement, is here an important factor, since verHurge quantities 
of secovftl- and third-rate sands are used for making glass for lamp- 
chimney?^ricnkric-ligli£ globes, flmt-glass bottles, ^Vindow-glas.^. 
commoner table-ware, etc., individual tiritis each using as much as 
three hundred tons of sand a week. 

Colour of Glass-Sand *—Although in the Held a considerable 
number of sands appear by comparison to he white, it is •remark¬ 
able how very few are snow-white. The colour is frequently a good 
indication of the relative freedom of the sand from oxide of iron. 
The best English sands are locally white, but usually grey, cream- 
coloured,, or faintly yellow or brown. To realize tin* true colour, 
samples may be placed upon white paper or compared with Fon¬ 
tainebleau sand. Small quantities may also be mounted in clove 
oil and examined under the microscope, when the faint yellow, 
brown, or grey pellicles of ferruginous material art 1 easily visible. 

A dark colour is not necessarily an indication of much iron; 
organic matter, which may subsequently be burnt out, produces 
this effect. A pink colour may be due to pink quartz and not to 
iron oxide. Similarly, glass itself may be water-white and brilliant, 
and yet contain no small percentage of iron. 

(a) Washing. —Hematite-coated grains (like those.in Permian 
and Triassic deposits) eiymot he defined without very great 
difficulty, even where the coating is thi® and the sand pale-coloured. 
In the case of sand-grains having* a thin .pellicle of limonite, 
n^re washing by water may improve the qualify considerably. 
Second-class sands from the Low'er. Greensand of AyhJ&bury, 
Leighton Buzzard, and King’s Lynn have been improved and 
mack? suitable for flint-glass work in this way, hut the result* are 
not even then so good as the # best of the Aylesbury or Lynn sands 
actually found in the quarries.' The best sands are not improved! 
in the matter of‘iron-percentage by washing, hut the adoption of 
washing does obviate to a considerable extent the trouble of careful 
selection, afid enables variable sands to be profitably exploited. 
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■apfcrt from the question of the increased cost of washing, which is 
considerable (at^least 6d. per ton, but reaching at times, with^%, 
extra handling, gs milch at 2s, 6 d. per ton), the .expense of drying 
has alsfc^ be taken into account. 

, The coating of sea-alts around the grains of dune- and shone- 
sands does not appear to be objectionable for glass-making (as it 
■is when such sands are used for concrete or for building-purposes), 
simitar salts being added in the batch. The sands have the advantage 
«f lfcing well-graded (see Table V., page 105) as a result of repeated 
sorting by wind and water,' but shnte their colours not'good piiid 
they often contain abundant shell-fragments, it' is clear that repeated 
washing will not produce purity without the intfervention of living 
organisms and percolation of water (<;/'., for example, the patchiness 
of colour Vn the reel sands of the Permian and Trias due to reduction 
around organic remains). 

The value and importance or washing must be strongly empha¬ 
sized. It is satisfactory to note that the producers of sand € are now 
becoming alftv, under war-cOnditions, to*the improvement thus 
effected in sands and tilt- correspondingly enhanced market value. 
Sands for refractory jmfyoses, as well as glass-making, are now 
being washed in many instances by the producers. Although the 
process is frequently carried out at tile sand-quarries, water is not* 
always available in the quantities desirable. It will often pay 
glass-manufacturers to wash or re-wash their sand at the works, is 
dirt, dust, etc,, arc usually picked up during transit. The effect 
of washing is two-fold. It removes much adherent iron oxide, 
calcareous material, etc., and also clay, silt, and fine sandy matter 
which are undesirable in a glass-sand. A comparison of analyses 
of glass-sands before and after washing is of considerable value. 
Improvement will be noted in both grading and chemical 
composition. (See Tables on next page.) 

In this connexion, as indicating the material washed out of,a 
glass-sand, it is of interest to quote the following analysis from the 
remarks upon American Glass-sands in Bulletin"285 of the United 
States Geological Survey (page 4K1) :— 

Analysis of a Slime from washings*of a sand from Ottawa, Ill. 

8^’21 per cent. 

7-50 
0-52 
none 
none 

0*20 

Total 95*43 per cent. 

Remainder mainly water. 

This analysis indicates that besides ferruginous and clayey 
matter, much fine silica had also been removed from tHI sand. 


SiO. 
ai 2 o, 

Fe.,0., 

• CaO ‘ 
MgrO 

k 2 o 



Tables showing the Effect of Washing upon Glass-Sands* 
A. Mechanical Analyses. 
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^ method of wasliing sand adopted abroad is on the principle of 
acid-scrubbers, tfce sayd being arranged upon tiers of. platfoi$ns f , 
above one another an(f washed ,by distributed descending, sprays of 
water. . •« 

fa Various methods, including tank-washing, have been adopted in 
this country, but some form of rotary process is most commonly 
used. 

In'somb cases the sand is washed twice over to ensure better 
cleansing. It is often an advantage, especially when crashing is 
adopted in order to cleanse a sand horn iron ( oxide, to have ^lie 
cylinder much longer than it usually is. Care should be taken 
to ensure that rotary washing-plant is suited to the grade of the 
sand. If the latter is too fine for the*;apparatus. much loss will 
result owing to the carrying off of fiye xand in the stream of dirty 
water. 

The most efficient machine for washing said at present in use in 
this country is, in the writers experience, tjiat devised by‘Mr. 0. 
‘‘ilikof of 159 Tentonville Rd , London, N. 1. A short description 
may be of use to sand-me‘r«hants and glass-manufacturers. 

The Washing and Sheening Machine (Rikof's Patent) is 
•illustrated in Plate VI1. and Fig. 13, and is so designed that it will, 
with small modifications to suit particular cases, wash any material 
from coarse gra\el to fine sand. Pv an automatic feeding device 
the material is delivered into the slightly inclined revolving 
washing cylinder, the feeding being continuous and uniiormso that 
all the materials arc subjected to an equal amount of washing. 
The machine can therefore be run at maximum output without 
incurring the risk of temporarily overtaxing its capacity, which 
might happen in the case of manual feeding 

The length of the washing cylinder is fixed in accordance with 
the time required by the water for removing the binding materials 
and for separating the particles from each other. Tlje cylinder 
divided into sections or compartments so arranged that while the 
washing water overflows from a cleaner compartment into one 
containing dirtier material, and is*finally discharged at the higher 
end of the cylinder, the material travels in the opposite direction 
and is automatically propelled ovev the partitions, each time 
into a compartment containing cleaner water. Eventually the 
materials are delivered into 1 * cylindrical# screens, the number #nd 
fineness of which depend K>n the grades into which the said 
materials are tq, be divided. c The screens are arranged concen¬ 
trically, the innermost cylinder having the largest holes. Tl# 
holes iii the outermost cylinder determine the largest grains of -the 
finest s£nd. Water-sprays between the screens facilitate the 
screening and subject the particles to a final cleansing. The water 
is led away with the sand into a special sediment separator, which 
Constitutes a novelty in sand-washing machines and is necessary 
for securing clean, drained, sand (£ig. 13). This contrivance is 
most simple in construction as well as in working. ^It consists 
of a steel cone fixed at its larger end on to a wide flange centred 
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, 1 bikof’s washing machine. 

op an almost horizontal slowly revolving shaft.' On the ou^ide 
,of ^his eo.ne are numeroits vanes or blades Conning pocket's 
lor receiving the washed sand and the cieansijig water. The 
pockets ire so arranged that the tpp edge of each is ty/vel when 
rsaching the horizontal plane containing tj)e cone axis, and in this 
position it cuts off the supply of water and sand, which then goes into 
the next pocket. The contents,, which during the tilling are most 
vigorously agitated, become calm after the supply has eftised; and 

tt , <* 

^ Fig. i3.— Cl ne-attach meat to Rikof's Washing Machine , 

T for cleansing and draining Sand. 



the sancl settles quickly in the lower portion rtf theipocket near Jibe 
flange, the water with the silt in suspension being gradually tilted 
oft* at the smaller end of the cone as the latter revolves and tj^e larger 
end of the pocket is elevated over the top of the cone. When 
farther advanced*, the sand is discharged at the other side of the 
cone, and the empty pocket •proceeds on its way to receive a nev^ 
charge. # 

The efficiency of the machine is dependent on its being worked 
at the proper speed and with a water-supply suiting the nature of 
the materials under treatment. Once carefully studied, however, 
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ancf properly adjusted, tlje machine works automatically and fetli 
excellent results^ f • . 

The errangenrent clescidbeli above for draining the's^nd renders 
the querfon of drying it a pinch less serious matter. Air-drying 
is usually effective anfl sufficient. The users of sand naturajjv 
prefer it to be delivered in a dry condition, but methods of artificial 
'drying are frequently too expensive for the sand-merchant to 
undertake*. The transport of perfectly dry sand is also at'tunes a 
troublesome matter. 

Other devices are employed to hasten the (Irving by draining off 
the water, and sometimes the process is carried out in-large ovens 
(two tons at a; tiifto), but systematic drying-plant- like that used 
in America has not yet been introduced.' Drying is carriedrout in 
the Mississippi valley ami other places by the use of tier dryerst, 
‘rotary methods, or steam Voils; Small quantities -of dry sand are 
frequently required in this country during the winter, for use as 
parting-sand m facing moulds for brick-making, etc. in this ease 
rit small oven fs‘ lmilt of bricks,a fire lighted'\\itliin iJ*anU the sand 
heaped over and around fine oven. 

(h) Sereeniny , etc .—In the matter of the improvement of the 
grade of a sand, screening may be combined with washing without 
much difficulty, and clayey and silty materials may be washed out 
by suitably controlled streams of water. If an elutriator is set up 
in the works’ laboratory, analysis of the sand or crushed rock will 
give an indication of the velocity of the stream of water which will 
carry off all grades below that desired. For certain glasses jt is not 
too expensive to treat local sands on a large scale in water-currents 
adjusted to this determined velocity. The process, in addition, 
will clean the sand of dirt and possibly some iron oxide. A velocity 
of 35 mm. jier sec. (42 feet per hour) is the theoretical velocity 
which will carry away all particles (which can moye freely) of 
diameter less than '075 mm. The use of a greater velocity than 
this will be necessary on account of the friction of sluices, etc. and 
the bulk of sand treated. An aiinblast may he used, as it is occa¬ 
sionally in engineering practice or for filtration purposes, to clear 
a sand of finehnaterial. Such a blast,of about 1 '5 metres per second 
(about 4'9 feet per second) will carry off all particles of diameter 
less than 0'1 mm. ‘ « r 

The importance of screening sands and crushed rocks to free 
them from copse grains and fragments which would remain 
as undigested “ seeds ” or “ stones ” in the glass, has already 
been emphasized. It® is frequently of value to fine-screen a 
glass-sahd also. Mr. C. J, reddle, chemist to Messrs. Wood Bros. 
Glass-Works of Barnsley, has demonstrated the improvement in 
the properties of glass-melts made j'Tom sands sifted to 80-mesh 
®(0'22 mm.), the portion passing the screens being rejected. The 
reason for this is threefold. Olay and silt are removed as by 
washing. The surface-area of grains increases relatively as they 
decrease in diameter. The grains composing the fimPgrades of a 
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sand therefore tend to carry a relatively greater proportio^/of 
ffirruginous and clayey coatings. In the third place, the pm- 
•portion of' (heavy detrital minerals* i|i a osand) (including the 
objectioil^hle zirchn, rutile, and iroa-hearing miiTCrals) rises with 
decrease in grade-size. 0 he following figures * illustefte this 
point 5 

llcanj Minerals in Glass-Sands. 

Variation with grade of pgrcentnge.of crop having a density 
• -> greater than 2*8. 



Grade-size m mm. 

t 

S 4 1 

Otf‘25 -1105. 0*05 0‘1. 0-1 0 2. 0-2 0-4. 

Park*Lam*. Kei» ate # 

•407 '/ -098 y -014 y, 

Ashuratwoot* 

1-20 *253 ' •IDF’" 

Longdown 

•302 ! -050 

Denford 

•$70 | -280 

Jarvis Brook, Crowborough .. 

•'700 ; -000 *024 f 

Tadmarton 

•350 '098 *008 


• Dry-screening may be adopted to improve the grade and iron 
content of certain sands, where the coating of the quartz-grain 
consists of the valuable kaolin and not ferric oxide. 

• 

(i-j Stiniini /.--The bettcr-clas* sands are undoubtedly improve! 
by ignition. Water, often an objectionable constituent, is drivei 
off. Organic substances are burnt out, and an improvement ii 
whiteness results. Impurities which have been introduced durim 
tjansit, e.g!f .dirt and coal (when the sand is brought back In 
coal-barges as ballast) are eliminated. For very special work,sucl 
as optical glass or the finest crystal ware, jt is advisable to wasl 
and burn even a very pure sand Mke that from 1 ontainebleau. 

Burning, therefore, cleans a sand if it has been darkened by in 
eluded peaty matter, but if tic, discoloration is due to staining by iroi 
in a slight degree, the sand becomes a ^darker grey, brown, pink 
or i*d colour, the usual change being tHat from the hydrated oxide 
limonite, to the anhydrous oxide, hematite. The effect of burning 
thus yields in most eases a rough indication af the,amount of iroi 
pgesent as staining, that in the heavy minerals, as already ^stated 
usually being of little importance. If tHfe burning is carried or 

* These are a selection from the results of a lengthy series of experiment 
which were carried out by my friend, Mr. V. C. Tiling. M.A., F.G.S., of tb 
Royal School of Mines (Imperial College of Soience and Technology), am 
which he kindly petmits me to quote. 

4 . The heavy crop in the grade A 0'4 mm. diameter amounted to less thai 
0-001 per cent. 
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under standard conditions, the teihjieratgre being recorded by iimus 
of. a pyrometer, and the iCicrease in colour c<nnpared with the tinh 
of knowp standi^’d materials, an approximate nh*a of tiie amownt 
of iron and organic matter preumt may he obtained. Mo/ft of the 
British ilepoM'ts under consideration darken on heating, as do also 
the Belgian glass-sands'*) cxtensiu-ly used in this country. The 
.latter are almost white, hut attain a slightly pinker colour, while 
Dutgh sand becomes g.vyer. Of Hhe few British dc]K)sifs which, 
like Fontainebleau sand, show' no change on heating, the following 
may be'mentioned : the best qu:ilit\ sand Iron* Atlcslmrv and 
selected tiodstonc and Ucigate sands (Lower (rrcensand), sand 
from Muekish Moentam, (\>. Donegal, and a sand froni Abergele, 
North Wales (the last two contain ferruginous patches which 
darken (•< tisiderabh ). Bure white sand..tones, such as the (’oal- 
'Mensure Sandstone from L’uiseley, lie r herds, aKo show no change 
of colour on lica,tmg. 

Many glacial sands appear 1o he light-coiourcd and burly pure, 
hut on cvanm-'tion arc usually found to contain Iik.o’ , + * jicllcts 
(often representing decomposed iron-hcanng miiuTalsV. The\ hum 
up to a much darker colour. 


(d) Chniimt1 Method; s* - Other processes for the purification of 
sand froiVi iron are too eosth if any great quantity of the sand is 
required in industry * Acids only partially clean the sands, cu a 
with application of heat. Hydrochloric acid has been used m this 
way, lmt the solution of iron oxide is never complete. By raising 
a mixture of a sand with about 2} per cent of common salt to a 
red heat, and afterwards lixiviating with water, complete purifica¬ 
tion from iron is obtained t Treatment with sodium Imlrosulphide 
is said to yield the same result at lower temperatures. Nitre-cake 
has been successfully used on a small scale for dissohing out 
ferruginous and other compounds from sands. It consists of a 
mixture of acid and neutral sodium sulphates, its bleaching 
properties depending upon the unreemeivd five sulphuric acid 
present. Nitre-cake has also beeh recommended for use in glass- 
snaking as a partial substitute for potash. A by-product from 
explosive works, it was obtainable before the outbreak of war for 
the mere earning away from the tips, or for a nominal price of 
1/- ]>er ton. Since 191 1 the demand f >r it has largely increased, 
owing to the unrecovered«*acid present, and the price is now 
about 17/- per t m at'the works. 

As an example of what can he done in the way of cleansing 
sand, tlie following analyses may Ik* quoted. A Yellow-brown 

* The largest glass-making firms each use 100,000 to 150,000 tons of sand 
a year. 

* t Patent No. 8495 (1914) bj J. G. A. Rhodin, “ Improved Means for and 
Process of Bleaching Sand.” The same idea was suggested m Bassett’s 
patent for the extraction of potash from felspar, U.S. 1913 (see Potash Salts, 
U.S. G. S. Mineral Resources, 1913). 
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impiye Triassic sandstone from Eagleseliffe w$s treated \yKIi 
nitre-cake, and yielded a clean white sand 

•* before treatment FeO, 0’20 pervert. 

After treatment • Fe 0, (a) (b) 0-048 (r) d*045 per cent. 

• ’ %•» 


SiO 
A1 0 


Analysts of treat a! stltid. 

9tW>9 per cent. 
:K>1 • 


Fe* O, 
OaO 


%0 
K O 


Na © 


0'o;{ 

o-io 

o'n 

o-o t 
o s;; 


Ln-s on ignition 


o t;<; 


• - 

Tof»il % 99-W> ]»ei cent. 

Tlnv wliit^* sand dor* not chaitge colour on burning 
* The Amount of alumina m this material is noteworthy The 
product been uVll screened and washed, seufal different¬ 

sized sands can he supplied. The product,* are well-graded, as the 
following mechanical analyses indicate • 


•.Sample 

os. 

>0 ;> a 

< 1 nun 

MS. FS. 

>0 25 A .>01 A 
<U5. . 0 25. 

.->0*01 & 

< o 1. 

<'0 01 

mm. 

S. 

Tfttul 

sand-grado | 
.> 0-1 mm. | 

1 

0 1 . 

15 5 82-7 

1 5 ' 

o t 

98-1 / 

o 


94-7 , 

1 2 

1 1 

SI4-7 


Material of rather coarser grade than this will also he available. 

Sodium carbonate (washing soda) may also he employed for 
cleansing pufyoses, as the following figures of a sand from Leighton 
Buzzard indicate:— 

Before treatment, Fe^O,, 0*04 per ccjit., after treatment, 0-015 per cent. 

These methods are usually too costly except where pjire sand is • 
required for very special work,* such as optical glass. 

(^) Magnetic Methods.-*- Endeavours* to remove objectionable 
heavy minerals from a sand are not, as« rule, paying projKisitions. 
t Electromagnetic methods have, however, been applied in glass-woj-ks 
i%the United States of America to the freeing of an otherwise 
suitable sand from such iron ores as njagiJbtite. Separator^ have 
only lieen employed where high-class glass is made, and it is 
claimed ttiat tht? colour and brilliancy are improved as a result 
of the treatment of the sand. Other iron-ln-aring minerals 
(including silicates, etc.) less permeable to electromagnetic action* 
can at the same fime be removed. 

If hard rocks, such as well-cemented sandstones and quartzites, 
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arS-crushed foie glass-purposes (see below), magnetic separation 
must be resorted to in order to free the prbduct from frag¬ 
ments of iron Cor steel pbtained from the rolls or o jaws ofofche 
crushing-plant. The procesg is similar to that, employed in the 
prepar&tTon of raw materials' for the riisinuiacture of pAttery. It 
has not been found iftcessary to apply this treatment to s%fid 
i btained from soft grits and sandstones. 

As ap example illustrating the necessity of electromagnetic 
treatment of the product obtained by crushing a rock, the following 
may be mentioned :— 

West of England China Stone & Clay Company. 

China-stone cnikhed at Par. Cornwall: 

Product before electromagnetic treatment: Ir(in estimated as Fe,0.„ <3-12 p. c. 

„ a)ter #'08 p. c. 

About one qwt. of iron is abstracted weekjy from about fifty tons 
of the crushed rock. ■> 

(For analysis of this china-stone, see pag'e 120.) 

The amount of ferruginous matter introduced by crushing rocks 
may be gauged from the following figures :— 

Iron-content estimated as Fe^O ,. 

Westpbrt Silica (vein-quartz from Achill I.): 

before crushing, 0-004 per cent.; crushed product, 0'04 per cent. 

Meldon Valley rock (aplite): 

before crashing, 0'15 per cent.; crushed product, 0'27 per ognt. 

(f) Grinding or Milling.— Only for the best glasses for optical 
purposes is it advantageous, if at all, to grind the sand to a fine 
even state. Better mixing and more regular and rapid melting 
may thus be ensured, but the expense is considerable;.® The process 
has been adopted in the making of laboratory glass-ware, but it" is 
doubtful whether any great advantage accrues. The procedure is 
not always followed in the making>of optical glass (washed Fontaine¬ 
bleau sand being frequently used) or c in the manufacture of the 
best “ crystal ” table-ware,' although .many of the authorities on 
glass-making are convinced that a better result is obtained by its 
adoption. At the same 6ftie many of .those now engaged upop the 
manufacture of optical glass are not in favour even of grinding 
tl$ batch. H is c«ntended°tliat air-bubbles are introduced in the. 
fine material, and that “ fining ” (see page 38) is therefore iqpre’ 
difficult to effect. 

Crushing Strengths. —It is of considerable economic importance 
to know the crushing strength, i. e. the resistance to pressure before 
the rock breaks down, of the chief rocks which)have been recom¬ 
mended as sources of silica and <alumina for glass-making, and 
incidentally for refractory purposes. 
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t * 

Tie crushing strength of pegmatites is very* similar to, "but 
jfcrhaps rather less than, that of granites,''which varies from about 
12,000 t>i 38,000 lbs. per square inch. • Aft av!rage|\gure is,perhaps 
18,000 IBs.'per square inch. • 

Sandstones vary very much in their'crushing strengths according 
t5*the degree of their consolidation and character of the matrix. 
A moderately soft sandstone from Plean, N.B., has a crushing- 
strength 'of 953 lbs. per square inch, wlfilc a finely-cemented 
quartzite may have a crashing strength of over 30,000 lbs. per 
square inch. Some sandstonas iiseS as building-stones give‘way at 
les^than 3lX)0 lbV per square inch. Others withstand successfully 
a„pressure o! 16,009 lbs. per square inch. * 

' The ^iverage crushing strengths of some of the rocks which 
hfive been crushed and put <Ph the market as glass-sands or refractory 
materials are given in the fdll&ving table* The tests were earned 
out in the Laboratories of th»i City and Guilds ^(Engineering) 
^College, (liftperial Coflege of Science and Technology), with the 
kind co-«p**w4ion of Prof E. F. D. Witchell, cubes o&2’5 ins. side 
being used, exdlpt where otherwise stated %— 

Spital Sandstone 1,450 lbs. per square inch (3-inch cubes) 
Meldon Rock . 24,100 „ ,, „ (3-inch cubes). 

Stiper Quartzite . . 32,000 „ „ „ 

Appin Quartzite 32,200 „ „ „ 

Holyhead Quartzite . 30,600 ,, „ „ 
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CHAPTER XI. 

Foreign GIass-S.inds. < , 

A discussion if suitable British glass-sands would not be 
complete without comparative notes upon some widely-us^d Con¬ 
tinental 1 and American examples. Notes upon a few well-known 
foreign glass-sands are therefore appended. 

*> n 

ErnorEAN Sand 

f .I 

§ Lippe Sand. < 

This sand was imported into Britain before the war for the 
making of silica-ware and certain special varieties of glass; but 
its use was not extensive. Two different samples of this famous 
glass-saftd from Dorentrup, Saxony, were supplied to the writer 
through the kindness of Dr. Walter Kosenhain, F.R.S., Director 
of the Metallurgical Department, National Physical Laboratory, 
Teddington, and were subjected to analysis and examination. 

The sand occurs in deposits of Miocene age, and is a'.sociated 
with rafts of braunkohle*. In this connexion it may also be 
noted that the valuable glass-sand of Hohenbocka in Prussia, 
■occurring in Miocene strata, is also associated with carbonaceous 
layers f. 

Both samples of Lippe sand are beautifully white, of better 
■colour even than that from Fontainebleau. The better sample is 
finer in grain and remarkably even, while the second is rather 


coarser. The chemical analyses &re as follows :— 

1 « 

1.0 

II. 

Sf0 2 

, . 99*88 per cent. 

99*73 per cent. 

Al a O, 

' ' 0-18 

0*20 

Fe 2 0 3 X 

* n.d. 

n.d. 

Loss on ignition 

. 0-21 

0*23 

Totals i 

100*27 per cent. 

100*16 per cent. 


* c Jahre8b. niedersachs. geol. Yer. 1910, p. 185; and Zeitschr. deutsch. 
geol. Gesellsch. Band xl., 1888, p. 310. 

C f K. Keilhack, Jahrb. K.-preuss. geol. Landesanst. 1908, Band xxix. pt. ii. 
p. 214. 

X Separate estimation of iron gave :*I. 0*02 percent., II. 0*03 per oent. 
Analyst: E. Spencer. These values are probably too high. 0 
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It»is said that, such is the remarkable constancy of chemical 
ptrity. the sand 'is guaranteed when soM to contain 99 - 98 pe? 
csnt. of sSlica, ’ * t 

The - mjcllanical analysis of the finer ana better sample 

& <1 mm., one or two grains; >0*25 & <0*5, 78*6 % ; >0'1 
<0-25, 19-9 % ; >0*01 & <0*1, 0 ! 4 % ; <0*01, M % *. Total sand- 
grad^,: ‘>0*1 & <1 inm., 98‘5 %. * • 


• res ]\ 

•Ltr.’ 7: 


CS MS FS _s_ # c 
O’ 19*9’ 4*4’ 1*1 J ’ 


V3 


^Measurement umYr the microscope shows tha^ the average dia¬ 
meter qf the grains is 0 3 •mm. (or perhaps slightly less). They 
an.* composed, with the exception of the few detrital minerals, of 
colourless clean quartz and a very little felspar, stihangular to 
angular in shape. J'he meehaniehl analysis of tlie second 
Sample i«: 

m-'.’cmm • 

>0'5 & <1 mm.,lo-2 / ; >0'25 & <0*5, S5‘8 % ; >0*1 & <0-25, 1*4 % ; 
. >0-01 & «*1, 1-0 %j <0-01,1*6 % *. *Total sand-grade >0-1 & 

<1 mm., 97*4 

* rCS MS FS s c S ~] 

LlO‘2’ 85*8’ 1-4’ TO’ 1*6 ; 97*4 J 


’ Idle grains, which are suhangular, are similar under the micro- 
seope, hut are for the most part nearly 0*5 mm. in diameter. 

The lugtvy residue of minerals was small in each ease (less than 
■001 per cent, by weight), but, as is often the case, was greater in 
the liner sand than in the coarser. 

The former yielded a pretty residue consisting of abundant zircon 
and red-brown rutile, rather rounded, and averaging 0*12 mm. 
diameter, tog<f(her with large by finite fragments up to 0'7 mm. 
long, and coarse staurolite and tourmaline grains. The staurolite 
is deep golden-brown in colour, of diameter p*2 to 0 3 mm. The 
tourmaline occurs in grains up tA 0 3 mm. diameter, of brown, 
greyish, greenish blue, and deep blue colour. Magnetite,.ilmenite, 
leucoxene (0*2 to 0*3 mm. diameter), and limonite occur. Small 
and non-pleochroic dusky grains of and^lusite occur‘less com- 
jnonl^, and chlorite also was seen. 

# The second sample yielded a rather coarser residue, consisting of 
abundant pleocbroic andalusite (0‘3 mm. dia*m.), large,, yellow, 
grej-brown, and greenish tourmaline (0*3 mm. diam.), deep green 
hornblende (0’2 mm. long), and ilmentte. * Staurolite and zircon 
occurred in small grains 0*05 mm. long. Chalcedony was also 
.seen in‘the Sknd. * 


Hygroscopic water included. 
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§ Fontainebleau Sand. 

The sand, of Upper Oligocene (Stampian) age and fssoci^fed 
with lignites *,«occurs inconsiderable quantities at Fonfainpbleau, 
near P*»is. ' ■ < 

t The mechanical aigl chemical composition are given in .the 
Tables, and the general properties are discussed in Chapter V. 

Tire sand costs upon delivery .at British works from 12s. t to 39s. 
per ton' (rising to 50s. and 60s. through war-difficulties), according 
to distance brought on rail, ap average price beiilg 17s. The cost 
has, of course, increased owing to* tlfe war; and fpr some time^ifter 
the outbreak of war. as well as again at the time of 'writing, diffi¬ 
culties existed, (Rie to shortage of labour am? ships, in getting it 
through to England and Scotland. 

§ Belgian Sand. 

The sands cost, upon delivery in this country, froth 4r. to 16*. 
per ton. They often arrive as ballast, packing fcf*&*.itles, etc. 
Large quantities were spilt from the Campine. * 

Some of the sands arip shipped from Rotterdam, find the unequal 
quality since the outbreak of war leads to the suspicion that some 
of those now being supplied may be inferior Dutch sands. Muck 
variability in tint and slight differences in mechanical composition 
occur (see Tables, pages 160,167, and Fig. 10, page 50). The sands 
may be almost white, a very pale grey, or a marked pale pink, in 
part, due to the presence of pink quartz. Their iron-content is 
slightly greater than that of Fontainebleau sand, and they burn to 
a rather darker pink shade. Washing does not improve fte colour 
noticeably. 

One sample from Barnsley Glass-works, which was analysed, 
proved to have the following chemical composition :— 

SiO , 99'38 per cent. • 

AljO, 0-30 

Fe.O, . .. 0'02 

Loss <fc ignition . 0*23 

Total .. 99'93 per cent. 


< 

Mechanical analyses show the following grade-proportions:— 



cs. 

>t-5 & 
<1 mm. 

MS.* 
f>0'25 & 
<0-5. 

FS. 

‘>0-1 & 
<0-25. 

>0-01 & 
<0-1. 

c. 

<0-01. 

. - • 

s, » 

Total sand-grade: 
>0*1 & <^1 mm. 

Knottingl«y 
Glassworks. 
Barnsley Glass¬ 
works . 

9’6 % 

« 

83-3 % 

5-9 % 

1*2 % 

0;0 % 

c »8'8 % • 

<01 

99-3 

0*3 * 

0-4 

0-0 

99*6 









* “ Revision de la Fenille de Fontainebleau,” Bull. Serv. Carte g<$ol, Franoe, 
No. 122,' vol. xrx. (1009) p. 9 ; and numerous other references* 
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s 

Q\Artz, somewhat rounded, to subangular, makes'up the bulk of 
• thl) sand, but cleavage-flakes of felspar ar#to be seen. Tlujpieavy 
nfsiSue is ‘small, and of the type whichdi^Brifkin characterizes the 
Pliocene deposits. • Among, the coarse dense grains are Jrvanite,- 
apfljlusite, staurolite, rutile, yellow-b'rown tourmaline, iron* ores, 
etc. * * 


§ Dutch Sand. 

Tide prides of Dufcch sand have varied considerably m pre-war 
ar^l present times, ttye range being from 9s. to 23s. per ton. 

Only a few samples have been analysed. Tffey had a slight 
grpy ortirown colour, some darker than Belgian sand, and differed 
to some extent in grade-pereontage (see Tables, pages 166, 167, and 
Fig. 10, page 50)T Occasionally^ theisand is. white and equal in 
quality 1£> that from Fontainebleau. 5 


The chemical*analyses of two samples an* as follows :— 




Knottingley 

Edinburgh & Leith 



Glass-works. 

Glas6-works. 


Si0 2 

99*23 per cent. 

99*63 per cent. 


A1 2 0 3 

0-50 

0*35 • 

• 

Fe .0^ 

0-02 

0*03 

• 

CftO 

n. d. 

0*08 


MgO 

n. d. 

trace 


Loss on ignition 

• 

0-22 

0*19 

• 

Totals 

99*97 per cent. 

100*28 per cent. 


The grading composition is indicated by the following results of 
mechanical analyses:— 


CS. 

1 >0*5 & 
<1 mm. 

MS. FS.» ; s. 

>0*25 & f>0*l & |>0*01 & 
<0*5. <0*25. ] <0*1. 

• c. 
<0-1. 

s. 

Total sand-grade- 
# C>0"1 mm. * 

Knottingley 





• 

£Uasa-works. 

0-7 % 

68'0 % 

. 30-8 % 0-J X 

0*0 % 

99-5 % 

Yrn-k Glass- 






works . 

0-4 

93*5 

4*8 l.a-3 

• 

o 

98*7 

• 

• 



4 


• 


The heavy crop is a rich and abundant one, consisting of well- 
rounded groins 0T5 to 0'2 mm. diameter. The minerals present, 
besides quartz and felspar, include purple and brown tourmaline, 
epidote, staurolite, kyanite, red garnet, green hornblende, zircor, < 
t andalusite, muscovite, ilmenite and leucoxene, magnetite, limonite, 
etc. 
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American High-Grade Glass-Sa^ds 

For the samples of sands' upon which the following descriptions 
ire hagts], the writer is indebted to Dr. G. Qtis Smith, the Director 
pf the United States Geological Survey. 

1 The beauty and high quality of the best American glassware 
have long been known to thoss concerned with the indqstry in 
Britainl It may therefore he of interest to give a brief description 
of the best glass-sands produced, in the Unit'd States. The 
samples were collected by Mr. Ida ip h W. Stonp, whose valuable 
accounts of the American glass-sands and their treatment have 
been of great us# to British workers. For additional information, 
therefore, reference should be made to his descriptions of tome of 
the sands in Bulletins 2S5 and 315 qf file United States Geological 
Survey and to the Anmfal Imports on Mineral Resources e. y., 
1911-15). The following notes'are based upon examination of 
the samples supplied, but the accompanying lette rs ff un the 
sand-merchants have given information as to thp treatment to 
which the materials ha We been subjected. 

It will be observed that the crushing, screening, washing, and 
drying of the sands are more carefully and thoroughly carried out 
across the water than here. British glass - manufacturers will' 
doubtless note this with interest, and endeavour to impress the 
fact upon the sand-merchant at home. We should remember, 
however, that the American quarrying and treatment are carried 
out upon a large scale and that greater facilities for transport appear 
to exist in the United States than in this country. , 

For comparison with British deposits, it is interesting to note- 
that the glass-sands are obtained by the treatment of friable sand¬ 
stones, all of which are of considerable geological age. They 
range' from Cambrian quartzite to Carboniferous sandstone. 
Similar materials have been recommended from ^these islands, 
and the writer has dealt elsewhere with such resources. It is. 
interesting to note, however, that all the best West European 
glass-sands, including many of those from the British Isles, come- 
from geological deposits of Tertiary ‘age, i. r., are comparatively 
recent in formation. « 

The fact* that practically no compound grains are present ir» 
these American glass-saAds points Rv friability of material, and 
care in treatment. All rare highly quartzose and none very- 
aluminous in character. The alkalies have not been estimated, 
since in‘most eases they are either absent or exceedingly small*>n 
amount t- The mineral-content in all the sands is small, and the 
few defoital minerals are mostly of the common, very stable, type. 
Thei. iron-content throughout is remarkably uftifomWand'- low, 

C 

* This aeoount is reprinted with slight modification^ from the ‘ Trans¬ 
actions of the Society of Glass Technology,’ vol. i.(1917)p. 147, bypenniasiOB 
of the Council of the Society. 

' All the analyses have been made upon the treated samples He received. - 
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nam^y, about 002 per cent.. In some of the sandS, such as th^se 
fr&m the St. Peter s sandstone, the very puft appearance of the sand 
wtnfld lead the observer to expect a smaller jftrcenjage even than 
this. "When the hteavj; minerals are examined, the reason is clear.- 
Iqtjiese cases, the ironipercentage is due to the authigenotre}>yro/e 
(FeS ? ) present. Most ot the san<Js show So change of colour oif 
ignition. 

Sufficient material could not be spared for the purpose of working 
out the mineral composition of each^sand exhaustively. 


„ Sand frbm the.Ottawa Silica Company, Ottawa, Illinois. 

The Sand is produced by crushing the very friable St. Peter’s 
sandstone of Carboniferous* age ; the Company state that it has 
been washed twice, steam-dried, ajd screened. It is slightly 
greyish in colour, an4 consists »of Beautifully rounded grains, a 
few of frhich are spherical, most being spheroidal. The surfaces 
are in many cg-ses roughened and etched. A few large grains 
occur. • 

' The chemical analysis quoted by the Company is:— 

SiO, 99-82 per cent. 

Al,Oj and Fe.O, 0‘05 

CaOandMgO 0-13 

Total . . 100-00 per cent. 


and that»by Dr. Harwood and Mr. Eldridge :— 


SiO„ .. 

A1,0, 

Fe,O a 
CaO 
MgO . 

Lose on ignition 


99-48 per cent. 
0-16 
0-02 
0-11 
0-05 
0-13 


Total ... . 99-95 p*r cent. 


The mechanical analysis is a,s follows :— 

>1 mm., 0-5 %; > 0-5 & <1 mm., 21-6 %; > f-25 & < 0-5, 75'6 %■, > 0-1 
it < 0-25, 1-.3 %; > 0-01 <# <0-1, 0-3 < 0-01, 0-7 %. Total sand-, 

grade, >0-1 mm., 99'0 %. # * 

[ VCS CS MS FS a jo_ *J3_ “J 
0-5 ’ 21-6’ 75-6’ 1-3’ 0'3’ 0-J ! 99 0'J 
V. 

Thei he%vy detrital minerals are small in quantity (0'02 > per 
cent.) and of little interest. Many are well-rounded, blue and 
brown tourmaline, zircon, and large garnets (0-2 mm. diameter) 
being notable. Pyrite with excellent crystal form is abundant, 
and is undoubtedly authigenorft, that is, has been produced since 
the deposition of the sandstone. It has suffered no abrasion. - Its 
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presence probably accounts for the 0 02 per cept. of Fe 3 0, Indi¬ 
cated in the analysis, arf amount larger than the appearance of 
the sand ( would Jpad tfe to pxpect. *'' 


Sand from the Weir on Silica Company, Ottawa, Illinois.’’ ‘ 

i 

This sand is of the same age *s the last, and is stated hy the 
Company to be washed twice, thoroughly dried, arid screened. It 
is a beautifully white, clean sapd, composed of perfectly rounded 
grains (Plate V. fig. 2). The description of tlvs Ottawa Silica 
Company’s sand applies to this sand also. 

Dr. Harwood’s Chemical analysis is as follows' :— 


SiO, . . 

A1,0, 

Fe 2 0,, 

CaO 

MgO 

Loss on ignition 
Total .. .. 


99C58 per cent. 
r M2 
0-02 
0T3 
trace 
0*17 ' 


100*02 per cent. 


The mechanical analysis indicates:— 

> 0'5 & < 1 mm., 6T %; > 0'25 & < 0-5, 88-4 %; > 0T & < 0'25, 5'1 %; 
>0-0l & < 0T, 0 - 2 %; < 0-01, 0 - 2 %, Total sand-grade, >0T mr%. 
99-6%. 

res MS FS _s_ c s n 

L6 r l’ 88'4’ 5-1’ 0'2’ 0-2 ; 99-6' J 

The heavy detrital minerals, as before, are highly rounded, 
averaging 0T2 mm. diameter. The pyrite, which is again abun¬ 
dant, is clearly not detrital. 


Sand from the Berkshire Glass-Sand Company. Cheshire, 
Hass. 


The sand is produceiUfrom a crushed Cambrian quartzite. The 
Company state that it is washed* three times and passed through 
«t 40-mesh, brass wire-screen. An average sample of the sand 
taken from tlie quarry (and therefore unwashed) by Mr. H. C. 
Demming, who was investigating silica-sands for filtration-plant, 
had a composition as follows:— ‘ 


Sllio^ . .* .* 

Alumina 
Iron oxide 
Lime , 

Magnesia . 

Phosphorus oxide .. . 

Sodium and Potassium oxides •.. 
Sulphur . 

Organic matter and loss . 


99*28 per cent. 
0*49 
0*34 
0*12 
0*003 
0*0047 
0*38 
0’0096 
0*17 


Total 


100*7973 per oen% 
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[if. Harwood’s analysis of the washed sample supplied is 

SiO, . .99*0® per cent. 

Al.,0, ’ . 0‘30 t 

Fe.O, O’bs 

• CaO. . • i 0-15 

MgO non^ 

Loss on ignition . 0-21 

Total • .. 99*69 p«r cent. 

A mechanical*analysis gave the following information 

• >0# mm.,*none; ^0*85 & <0*5, 76*6 % ; >0*1 & <0*25, 21*3 % ; >0*01 & 
c* <0*1, 0*3 % ; <<J*01, 1*8 %. Total sand-grade, ><^1 mm., 97*9 %. 

[“MS *FS r _c_ S “1 
I 76-G’ Jl-3’ 0-5’ 1-8 ; 97-9'J 

i • g 

The sand is rather fine-grained, sugary to the touch, and fairly 
angular. The detrital mineral assemblage is greater in amount 
(0'04 ptT/iSttt-) and njore interesting than that of the Illinois 
sands. Muck limonitie matter occurs, and muscovite mica, 
chlorite, green hornblende, tourmaline, ancl zircon are also present. 
The sand is widely used for the finest, cut-glass. 

Sand from the Berkeley Glass-Sand Company. Berkeley 
Springs, W. Va. 

• This sand is the well-known high-grade deposit from Berkeley 
Springs, used so largely for table-glass and the best ware. It is 
produced by crushing the Oriskany sandstone of Silurian age. 
After being crushed, it is sent through a wet screen, then 
steam-dried, and, finally, once more screened. It is kept in concrete 
storage-bins of about 1500 tons capacity, the daily production being 
about 400 tons. 

The chemjpal analysis indicates (H. F. H. and A. A. E.) :— 

SiO., . 99‘65 per cent. 

A1 2 0, 0-11 

Fe.O, 0-02 ’ 

CaO 0-12 

MgO . trace 

Loss on ignitfbn 0*23 

Total. 10t>*^3 per cent. 

The mechanical composition is as follows 

J*)-5 & < 1 mm., 1-5 %; > 0-25 & < 0-5, 97'1 %; > 04 & < 0-25, 0'8 % 
>0’01 & <?04, 0-2 %; <0-01, 0'4 %„ Tfjtal sand-grade, >J !4 mm., 
99'4 %. 

.. • "TCS MS FS _e_ c S ~1 

|_1'5' 974’ t'8’ 0-2’ 0‘4’ 99'4J 

The sand is fure white and consists of somewhat irreguh 
grains (Plate V. fig. 1). r Jfte detrital mineral percentage is 
small' (0 - 01<>er cent.), and is of the usual type. 
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Sand, from fee Juniata White Sand Company, Hanover ‘St., 
Baltimore, Maryland . 1 „ , 

Tlie qtiarry of^the Juniata [Sand Company is at Mapleton, Pa., 
and is a kb in the Oriskany sandstone. The, rock is crushed, and 
is r,aid to go through fiv^ washings and three screenings. 

Dr. Harwood’s analysis is as follows :— 


SiO, *' 

A1,0, 

Fe*0, 

CaO 

MgO 

Eosh on ignition 


99’33 per cent. 
0*16 
t . 0-02 
0-15 
0-11 
0-20 


Total 99*£7 per cent. 

* . V ' '■ . . , 

The mechanical analysis yields ijie following information as to 
grades:— ' • 

Si mm, 1*6 % • > 0-5 & < 1 mm., 11*2 % ; >0*25 * < 0*&85T%; >0*1 
& < 0*25, 0-4 % I > 0*0t A < 0*1, o-l %; < 0-O1, 1-0 % . Total sand- 
grade, >0-1 mm.. 98*9 1 . 

rvcs cs ms fs b c s n 
|_ T6 11-2’ 85-7’ 6-4' O-l’ 1*0 ; 98-9 J 

The sand is suliangular, a few spherical grains only being seem 
The detrital mineral percentage is small (0-02 per cent.), consisting 
largely of zircon, tourmaline (blue, green, and brown), ilmenite 
and leucoxene (02 mm. diameter), rutile, and blue anatase.. 


Sand from the Tavern Bock Sand Company, St. Louis. 

This glass-sand is produced by crushing the friable St, Peter’s- 
sandstone of Carlioniferous age. The Company do not wash any 
sand, hut crush, dry, and screen once. The quarries are at Pacific, 

Mo. 


analysis is as follow 

’S :— 

SiO, 

99*03 per cent. 

AI.O, 

*0*23 

Fe]0, 

0*02 

CaO 

0*?1 

MgO 

0*05 

Loss pn ig-nitior 

0*35 

Total . . 

a 

99*89 per cent. 

in as given bv the Company is :— 

Si0 2 

99*97 per cent. 

A1 2 0., ] 

* 

F«A L 

0*03 

CaO J , 

t 


Total 


100-00 p$r oent. 
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t i*™ an unwashed sand, the silica-content is very high and the 
nm-percentage very low. . * 

' The meclmnical analysis is :— 

>1 mm., a few oompound grains; >0-5 A <1 mm„ 2‘7 %; >0l6‘& <0-5, 
* ’ 90'1 % i >01 A <0-25, 6'1 /: >0'01 A t 0-1, 0'5 %i <0-01, 0-6 . 

Total sand-grade, >0-1 mm., 98'9*%. 

rvcs OS MS fe « o» S 1 
L tr. ’ 2-7’ 90T 6-1’ O-.V 0 (1 ; 98'!) 

• , 

Jhe sand is •fairly well *rotmded, but not very clean. The 
percentage of detrital minerals is low (0*01 per cent.) and the suite 
consists chiefly of zircon, tourmaline, ilmenife, and leucoxene 
^0*5 Him. diameter) 


iajj vjiuvna-oA mis, 

unenffcaiWund Meclftuiical Analyses of several gla^s-sands front 
India and Australia are given in the Tabh* on ]>ages 154, 157, and 
.165. Of these, the Jubbulpore sand is that used in the well-known 
Allahabad Glass-works, while for the remainder of the samples the 
• writer is indebted to the respective Directors of the Geological 
Surveys of India and Victoria. There is little doubt Jhat the 
Colonies can supply their own needs in this direction ; the sands^ 
•examined by the writer have all been of good quality. 
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CHAPTER XII. 

^ I 

Location of British Supplies of Glass-Sands. 

• 1 < 

General Geological' C&nsideratignst 

With the view of realizing the geological conditions under which* 
glass-sands occur, it is instructive to draw attention to several 
salient facts, in order the better to seffrch for suitable supplies.' 
The association of pure white squids with carbonaceous matter has 
frequently been juentioned in this Memoir, indeed, it maybe said 
that every example of the better-class glass-sands in Eu rope indicates 
that the deposit is associated with vegetable matter sand 

occurs with rafts of braunkohle. Hohenbocka sand is associated 
with carbonaceous layers; Fontainebleau sand with lignites; and ■ 
^Aylesbury and Leighton sands with peaty layers. Some of our 
purest sandstones occur in the Coal Measures, and, of second-rate 
sands, thq Headon Hill and Bagshot Sands of the Isle of M ight 
«^Alum Bay, Whitecliff Bay, etc.), Dorset, and elsewhere are inter-, 
bedded with lignites; while the white beds of the Northampton 
Sands (Inferior Oolite) and the Estuarine Series in Yorkshire are 
found in deposits carrying plant-remains. The well-known^Brora 
coal in the Jurassic of north-east Scotland is associated with white 
sandstones. The purest Ashdown Sands (Wealden) often carry 
plant-remains. The glacial sands of Lancashire, used for the 
making of window-glass, owe their low percentage of iron to the 
association with peaty material. • 

The bleaching of red and yellow sands for a few feet in depth on" 
heaths and by the action of peat are other examples of this pheno¬ 
menon. The explanation appears fafelie in the reducing action of the 
vegetable matter. Feme compounds »re reduced to the ferrous 
s'tate, and ave .often carried off in solution by percolating water. 
Sometimes, hpwever, they remain and are revealed hv the return 
of the red colour on burning.* . 

Estuarine or lagoon conditions favour the formation of white 
sands and sandstones. , In our .search for glass-sands, particularly 
in tlfe Colonies, we have therefore a valuable indication of the kim^ 
of strata in which to l(*k (that is, beds containing coal, lignites, 
peaty matter, etc.) and the conditions under which we may expect 
deposition of the required material to have occurred.- Simplicity of 
composition and perfection of grading are more likely to he found 
ig deposits of late geological age, as exemplified by the occurrence 
of glass-sands in Western Europe. It is very imprsbable that any 
new and large British supplies of first-class glass-sands will he 
revealed; but, in addition to the extension qf supplies ftow being 
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exploited, deposits of small extent, at present unknown, probably 

fcccur in many cases in proximity to, dr along the outcrops of, 
«tfcita previously worked. 


juocanon oj uritisn supplies qf hN ass-Sands. 

(a) England .—Considered stratigraphically (that is, according 
to g<*>k>£ical age), the chief localities fo»English supjjies, with 
their corresponding geological -horizons, may be detailed as 
follows :— • 

Recent (blown & shore) Sands. Passim. 

^Glacial. Crank^Rainford, etc. (Lancs). 

Deposfts of Doubtful Age (pr^Glacial). Parsley Hay (Derbyshire). 

Brassmgton (Derbyshire). 

Low Moor (Derbyshire). * 1 
Ribden (Shaft's). 

Abergele (Denbighshire). 

Rhes y cae (Flintshire), etc. 


upper juocene. 

Lower Eocene. 
Lower Cretaceous. 


Middle Oolites. 
Lower Oolites. 

Upper Trias. 

Leaver Trias. 
Carboniferous. 

Lower Ordovician. 


.tieaaon run sanas. 
Barton Sands. 


Thanet Beds. 
Lower Greensand. 


Tunbridge Wells Sands. 
Ashdown Sands. 

Kelloway Beds. , 

Upper I^tuarme Beds. 
Lower Estuarine Beds. 

'IJeuper Waterstones. 

Lower fiunter Sands. 

Coal Measures. p 
Carboniferous Limestone, 


Arenig. 


Alum Bay, I. of Wight, etc. 
Fordingbridge (Hants). 
Longdown, New Forest. 
Charlton (Kent). 

Rochester (Kent)# 

Aylesbury (Buck*). 
Aylesford (Kent). 

Blackgang Chine (I. of W.)„ 
Godstone (Surrey). 
Hollingbourne & Bearsted 
(Kent). 

Leighton Buzzard (Beds). 
Lynn (Norfolk). 

Oxted (Surrey). 

Reigate (Surrey). 

Ashurst wood' (Sussex). 

Fair light (Sussex). 
Bulverhyth (Sussex). 
Burythorpe (Yorks). 

South Cave (Yorks). 
Huttons Ambo (Yorks). 
Corby, etc. (!S(prthants). 
Denford (jforthants). 

Spital (Cheshire). 

Alderley Edge (Cheshire). 
Worksop (Notts) 

Guiseley (Yorks). 

. Mold (Flintshire). 

Minera (Denbighshire). 

» 

Stiperstones (Shropshire). 


Most # of thes'e localities and geological horizons are marked upon- 
the map, Plate VIII. The*outcrop of each formation is shown, jp 
order that the # direction of the possible extension of glass-sand 
resources may be indicated. «Take, for example, the deposit known 
as the Lov^r Greensand, from which so many of our best glass-sands 
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art\)btained. The bed is worked for glass-making at Lynn, Leighton 
Buzzard, Aylesbury, and, Aylesford; it was formerly worked at 
litigate, Godstone, Ifollingbourne, and in the Isle, of Wight. 
Many of these localities are marked upon the map, and will be 
seen to. J>j distributed over the outcrop of tile bed. The area 
marked by the outcrop r, therefore that over which extension of 
the supplies may be expected, and which should he explored for the 
'purpose. Another important, horivon is that of the Inferior Oolite 
(and in Yorkshire, of the Middle Oolites also). i The beds are 
frequently variable in this series of deposits, but investigation 
of the outcrop will doubtless reveal extensions, or new deposits of 
the glass-sands. 

The Tunbridge 1 Wells Sands and the Ashdown Sands of the 
Wealden area yield important supplies otj pure sand. The resources 
have not been properly exnlored. and. are certainly great. Unfor¬ 
tunately. the localities wfiere JYliey are at present worked are not 
well situated f of transport. ' 1 • 

The Triassie System rarely yields sands .pure enou^t fer glass- 
making, and when such are found the best, glass-Warn wliieh can 
he made from them is th£‘ class of work exemplified bv pale bottles. 
The Bunt,cr Sands of Worksop, the Keeper Sandstone of Spital, 
Cheshire, and possibly the similar rock at Alderiey Edge, are 
deposits of this character, the first two being fortunately situated 
near to coalfields. 

rh We may classify these localities broadly according to tile kind 
of glass for which the sand may boused. Obviously the limits 
will not be easy to define, and morcouT, as mentioned in the 
Preface, and also on page 151, with the advance of chemical 
research upon glass, the latitude permitted in the composition of 
sands for certain glasses is increasing. 

The shore- and dune-sands occurring around our coasts are never 
sufficiently pure for making other than common bottle-glass. The 
Glacial Sand from Rainford, Crank, and Shirdley Hill id Lancashire 
is used (after Washing) for the making of window-glass and for 
bottles. The Eocene spuds mentioned from the Hampshire Basin 
have at present been used only forHietter-class bottle-making, hut, 
especially if they are washed, would fie of value for such better 
qualities as lighting-glass, laboratory-ware, etc. The Thanet Sands 
from Kent are utilized for, bottle-making onh*. Highly siliceous 
sands, but less pure and more indurated than those from the Lower 
Greensand occur in the Ujfyer Greensand over a wide area from 
the Tsle of Wight to Wiltshire and Kent. Of the Lower Greensand 
deposits, Aylesbury sand can be used for the manufacture of optical 
glass, table-glass, chemVcal, and pharmaceutical apparatus, and 
many other varieties. Leighton and Lynn sands are successfully 
empltfved for lighting-glass of all descriptions (electnc-globes, 
chimncvs, etc.), for laboratory-ware, flint-bottles, pressed-ware, etc. 
Aylesford sand at present goes only to bottle-making areas, but 
like the sand from Reigate, could be successfully used for better 
kinds of glass. The Tunbridge Wells Sands and Ashdpwn Sands 
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mei*tioned as occurring in Sussex, are hot at present worked for glass 
purposes, but as their analyses indicate (s*e pages 52-54) they will 
l)B*of servicn for much good' glass-ware, if etononyc eonsideratio'ns 
permit their exploitation. , ’ 

The English Jurassic strata are very variable, and it IP possible 
that sands of great purity not known to ufat present may turn up, 
but their thickness and extent must be limited. The Corallian Beds 
oftenscotftain clayey or calcareous sands, and the Portland Sands' 
are too grey or brown and impure for glass-making. 

The Kelloway,Beds of Buvytjiofpe and South Cave in Yorkshire 
arc*of great valife for the bottle industry of that county, and with 
Abashing could be .utilized for window-glass, Jjghting-glass, etc. 
The Estuarine Sands fnyu Huttons Amlx>, when washed, are 
suitable for the manufacture of all qualities of glass, even up to 
certain optical varieties. UflwasheiJ, rhgy would serve for bottle-, 
making, when the alumina they contain would he of much value 
on accqunthif its strengthening properties. 

The I«f caior Oolite 'i Sands ” of the western area (Dorset Coast,, 
Bridport, Yeofil. Midford, Wotton, Cotteswolds, Cheltenham, etc.) 
are too ferruginous and are occasionally calcareous. In the North¬ 
ampton Sands and Estuarine Series, beds of whitish sand occur, but 
are usually calcareous and never very pure. The detrital mineral 
percentage is also high. Sands are said to have been worked for 
glass-making about 1SG0 from Wansford, Apethorpe, Blatfierwvke,. 
• ijurleigh, Caswick, etc.; but the glass cannot have been of good 
quality. Analyses of sands from Corby, Denford, etc., will be 
found in the Tables, The Estuarine Sands of the Midlands are 
difficult* to work owing to their variability, and are rather tine in 
grain. Their suitability may be determined from their analyses 
(pages 09, 150, and 102 ). 

The Triassic sands are usually only of value for bottle-making, 
when their alumina-content is a distinct advantage. They are 
iw»t sufficiently well-graded, nor are they very pure. Washing 
may improve the Spital sand sufficiently to render it of value for 
better-class glass. • 

The Lower Permian Yellpw Sands are often incoherent, but are 
too deeply iron-stained and calcareous all along their puterop to be 1 
of service. 

The Carboniferous Period was one in,which very pure sandstones 
were laid down, the associsftion with much organic matter being 
here noteworthy. The decomposition eft pure sandstones (>. c/., in 
Ireland, near Glasgow, in Yorkshire, etc.) lias givert suitable sands, 
a*d some very good examples have been jjound. Such roi^cs are 
often crushed and washed before being put upon the market. In 
some palejcoloured sandstones the cement is barytes (often derived 
from'Permian deposits above), when crushing hardly pays. Nothing 
suitable seems to occur, nor* would it be expected, in Devonian ^ 
strata. , 

Incoherent glass-sands are net to be expected from Archsean and 
Palaeozoic r^cks. Very pure quartzites occur, bpt the objections 
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to crushed rock^ (see page 80) 'and the question of expense alsnost 
rule them out. Where' very pure rooks have rotted in situ anti 
been exposed tif walking by rain, etc., glass-sands anay be pro¬ 
duced. The whitish Cambrian quartzites of the Midlands are not 
sufficieifiiy pure. Other Calhbrian sandstones are less pure s^ilj., 
rfnd the same objection Applies tp Ordovician and Silurian Docks. 

The high alumina-bearing deposits of Derbyshire and Stafford¬ 
shire (Parsley Hay, Newhaven, 'Longcsliffe, Kibden, etc.) 'kre of 
very great value for refractory purposes, and so far as glass¬ 
making goes, may be of' importance for resistance-glasses such 
as those required in the making of thermometer^, ampotiles, 
combustion-tubing, etc., as well as for certain ivarieties of optical 
glass. 

(b) Scotland .—The Senttivli deposits fall into,two well-marked 
groups. In the first group, and of little importance, aj-e the dune- 
and shore-sands worked for bottle-making. Those fronmTura and 

"Islay are pure enough for better quality" glass. jITthe second 
group are the white, grey, or pale brown, soft and decomposed 
sandstones of the Carboniferous System, which have been crushed 
and treated to provide “sands” for refractory purposes and glass¬ 
making. Such are the deposits belonging to the Millstone Grit,' 
Carboniferous Limestone Series, and Caleiferous Sandstone Series 
from Caldwell, Glenboig, Hailes, Kilwinning, Kingscavil, Levenseat, 
and Plean. Of these, the best are the Levenseat, Caldwell, and 
Kilwinning materials. The deposits are at present utilized for 
low-grade glass-work only. 

Many of the pre-Cambrian quartzites (c. a. Jura, Islay, Appin, 
Killieerankie, etc.) seem to be pure enough to crush as sources 
of silica for glass-making and furnace purposes. The expense 
involved in the crushing and subsequent treatment is, however, 
prohibitive. ,« 

It is possible, though unlikely, that the pale-grey sandstone of 
Brora (Middle Oolites) will be worked for glass-purposes, although 
a low-grade fuel is close at hand.® 

The glass-sand resources of Scotland (and also of Ireland) are 
thus much‘nA)re limited than those of England. This is due to a 
geological fact—that of the absence or small development of those 
stratigraphical horizons s^ibh as the Inferior Oolite, Lower Green¬ 
sand, Eocene, Miocene, aeicl Oligocene, which carry' the best 
glass-sands of ^Vestern Europe. 

(c) Ireland .—The frislrsupplies, in the same rvay, fall into two 
well-defined classes. Shore- and dune-sands, uspally suitable for 
bottte-glass only, occur at Ardara (Co. Donegal), Ballycastle' (Co. 
Antrim), Coalisland (Lough Neagh)," the shores of the river Foyle, 

°Millisle (Co; Down), Portrush (Co. Antrim), Boplare (Co. Wick¬ 
low), Sandymount Strand near Dublin, Silver Strand near Wick¬ 
low), Sutton near, Dublin, and other localities. The iqpre valuable 
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“ sa*ds” are obtained from the decomposition or'crushing of pre- 
Cambrian rooks from Muckish Mountain ^Co. Donegal), Westport 
(actually fram Achill Island), Port-a-oloy fCo. Mayo), 'J'inahely 
(Co. Widklow), aitd othei; places, and of the sandstones of Xlarbonb 
%rpus age from Ballj&astle, Cookstown, and Coolkeeragh. ’ 

The best Irish material is undoubtedly that from Muckiab 
Mountain, Co. Donegal. If the rock, which has already been, 
describe! as a partially decomposed quartzite, is properly .treated 
by crushing, screening, washing, and drying, much of it will lie of 
service fyr the best optical «glass and’ table-ware; the ltaterial 
geribrally wijl be of*use for all qualities of glass. 

• The old Irish glass-industry, carried on at BaUyeastle, Limerick, 
Cork, find 'Waterford among other places, was dependent upon 
sands from Alum Bay (Tslt?of Wight), Lvnn. and Reigate. 


•Distribution of the Glass-making Industry in the 
• British Isles. 

The Maps (Plates IX. & X.) show 1 the localization of the chief 
British glass-making areas *, and also indicate the localities 
, where glass-sands are worked, the ports into which foreign sands 
are brought, and the coalfields. It is noteworthy that, with the 
exception of the London district, in which almost everything is, 
bought, manufactured, or sold, the glass-making areas are situated 
upon, or veiy close to, the coalfields. The industry consumes a 
large quantity of fuel—either directly as coal, or indirectly as 
produce*' gas, etc., made from it. About a ton and a quarter of 
fuel are consumed for each ton of finished glass produced in tank- 
furnaces, and the consumption is greater in pot-furnaces. To yield 
a ton of finished glass about a ton and a third of raw materials are 
required. Coal, as is well known, is much more bulk}' and trouble¬ 
some to moV than the same weight of such raw materials as 
sand, hence the location of the manufacture. 

A general statement only is gossible regarding the distribution 
of the various kinds of glas^-manufacture. 

Optical glass is made in the Birmingham and rby areas. 1 
Table and decorative ware is manufactured in the Stourbridge 
area near Birmingham, and in Manchester. London, Glasgow, 
Waerington, and Tutbury Slso contribute a certain amount. The 
Stourbridge area (including Brierley, Efill, Dudley, Walsall, etc.) 

■ has long been famous for its beautiful “ crystal "'ware, both*on 
adfcount of the quality of the glass and the jrtistie characteryif the 
work. • 

Scientific and technical glass is made in Edinburgh and P^rth 
as well as the following localities notable for laboratory and 
• 

* The writer was able to make thie analysis as a result of visits to most* 
of the glass-works ill the United Kingdom, and by using f*ely the excellent 
oard-oatalogue of British Glass-Miflrafaoturers, oompiled by the Board of 
Trade. 
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medical apparatus:—London, Leeds, Birmingham, Barnsley, Man- 
Chester, Dudley, and St! Helens. Gauge-glasses have been manu¬ 
factured at St. Helens, Manchester, Birmingham, and> Perth. * ' 
The jpanufaeture of electric bulbs, etq. is notv being Carried on 
near and far, but possibly the following may be considered ,tlje 
chief areas:—Stourbridge, Birmingham, Tutbury, Knottingley, 
Barnsley, Leeds, London, and Tyneside. 

For lighting-glass’'generally, the districts including ‘London, 
Manchester, Glasgow, Stourbridge, and Birmingham are note¬ 
worthy, but the industry is carried on in many other towns. 

For pressed-ware, Glasgow, Gateshead, Manchester, .Warrington, 
and Sunderland should be mentioned. Shi))- and lamp-lenses are 
made in the same areas. ■ , 

The plate-glass industry is practically confined to the St. Helens 
1 and Birmingham areas. ‘ Shdit-glass (window-glim, stained glass, 
etc.), is made at St. Helens, Birmingham, anij Oldbury, and staining 
is carried on at Edinburgh. • 

In the matter of the total amount of raxt materia^sllseif and fuel 
consumed, the bottle-making branch of ihe industry is of course by 
far the most important. It. would be laborious to enumerate the 
places at which bottles are made ; the manufacture is ubiquitous, and 
only the chief localities can be mentioned. The South Yorkshire' 
area is,,of course, the district pc)' r.rcrllriicr for this work. The 
bottle-industry of Tyneside has declined considerably. Medical 
bottles are made in the London, Yorkshire, Gateshead, Manchester,' 
and St. Helens areas. Flint-glass bottles are produced in the same 
districts, and for ordinary pale and dark Ditties the following 
localities also must be added: the districts of Sunderland, Edin¬ 
burgh, and the Firth of Forth, Bristol, Newport (Mon.), Queen- 
borough. Dublin, and Belfast. 

Finally, as we should expect in a city which manufactures 
everything from a pin to a steam engine, “ egg-boilerf ” and time- 
glasses, as well as the largest and most beautiful glass objects, 
have their birth in Birmingham. 

From what has been stated above concerning the kinds of glass 
t for which various British sands are suitable, and the location of 
both these' sunds and the corresponding glass-making areas, an 
idea may he obtained of the transport required. To assist the 
reader, the most important Yanals and ljgvigable river-systems have 
been inserted on the Maps (Plates IX. & X.) together with*the 
chief railway connexions. Transport by canal, sea, or rail, and 
the very variable freightage rates on different railways will, however,' 
prevent comparison of the cost of moving any individual supply into 
any particular manufacturing area. Nevertheless, the maps are 
given for what they are worth. 



CHAPTER XIII. 


* , , 

§ JSconomIi' Cons] UEifvTJoss. — General Bumauks. 

Ill the development of the national rcsourcfs of raw materials for 
glass-making, questions of'tlie cost of working, suitiible treatment, 
ind transport play a most lyiyortant part. * 

The margin of profit upon sand.fisstua.il. This and the fuel" 
that our layge export .coal-trad? to tile Continent cabled foreign 
sands tb be brought baek very cheaply as ballast have been mainly 
responsible fb%the small development of home resources of sands* 
and allied rocks, and for the lack of investigation into them. The 
glass-manufacturer hitherto has not experimented to any great 
extent with British sands, and is thus not generally acquainted , 
with their potentialities. Moreover, before 1911 it was by no 
means certain that the best British sands actually reached the 
manufacturer. Owing to lack of systematic working, want of* 
'proper treatment and careful transport, British materials sent to 
the glass-making areas have to overcome the prejudice which they 
previously caused. This state of affairs is now rapidly being 
remedied, since the cutting off of a considerable proportion of foreign 
supplies of sand, due to the shortage of labour and shipping caused 
by the war, has necessitated the systematic surveying and exploita¬ 
tion of British mineral resources. 

When brought as ballast or packing for bottles, Belgian and 
lJutch sands could formerly be delivered in our East Coast estuaries 
at from 4s. to os. per ton. Fontainebleau sand was similarly 
delivered (although it was not usually brought as ballast) at 10s. 
per ton. These prices were ’doubled or trebled by the time the sand , 
reached inland glass-making districts, the railway freights on sands 
being high. Even then the prices were below those of Ih-itish sands, 
since the cost of production, of the latteV was, as a rule, greater. 

The prices at which sands etc. can be Kipplied are, of course, liable 
to fluctuation according to the state'of the kbour ^narket, cost of 
fjjel, etc. The figures quoted in the foregoing chapters therefore 
vary within small limits. 

Since the outbreak of war, partly owing to the greater demand 
for British materials and partly as a result of certain facilities 
having been granted which permit cheaper working, British 
sands are being delivered at a price which will enable them to* 
compete successfully with foreign supplies. This improvement has 
been effected and a systematic development made possible by the 
high cost of foreign sands at the time of writing. Fontainebleau 
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sand costs from 20*. to 60s.' per ton, and Belgian and Ifhtcji 
s^nds 17*. to 23*. per toh, when procurable at all, according to jthe 
position, of the (glass-making area. Even when prices return to 
the normal level it will be possible for ,sand-merchants to exploit 
their deposits if the deipand is sufficient and if railway and canal 
facilities are given. Some British sands have for many years been 
carried as ballast from one part of the coast to another. 

High class glass-s&nds, like the sand from Fontainebleau, have 
frequently been used in this country in what might be termed 
a wasteful manner for common * glass-manufacture, bo certain 
maritime areas the sand can be obtained as cheaply as a less pure 
one, and is therefore used. In other areas!, rather than haVE 
two different sands in use in the same glass-house, entailing 
possibility of confusion (which is pefnaps unnecessarily feared), 
the manufacturer uses the some sand for crystal table-ware and 
also for commoner glass. 1 t , , 

As a result of the importation of foreign sands, many'British 
supplies which were formerly worked have been abajjcfSnea. Glass- 
sand appears to have failen very considerably in price during the 
last fifty years, for, in 1853, Aylesbury sand fetched 25s. per 
ton at Aylesbury. In comparison with the present prices of 
British glass-sands given in the previous chapter, it may be 
stated that the average price in the United States of America 
is 4*. per ton. 

Each of the economic factors will be considered in turn. 


Workability .—In recommending sources of sand suitable for 
glass-making (or, for that matter, any other industry) due con¬ 
sideration must be given to the very important question of work¬ 
ability. Since the margin of profit on sands and gravels is low, 
attention must be paid to many factors other than those concerned 
with the actual properties of the sand. Of the latter, the high 
silica and low iron-content, low heavy-mineral percentage, absence 
of harmful minerals, the even grade (medium or fine sand), and 
possibly the shape, are the chief points to be considered. High 
content of.alumina and potash are at times valuable. 

In the field occurrence of the sand, due regard must be paid to 
the regularity of the depijsjt, the quantity available, the location 
with respect to supplies of fuel and mhrkets, and to transporting 
routes, whether by road, raif, c^nal, or sea. The accessibility of the 
deposits—on hills, n&r bogs and marshes, on river-bottoms (from 
which they are dredgeip, or in sea-cliffs—as well as the conditions 
of quarrying (workable depth below ground-level, position of water- 
table, direction of drainage, thickness of overburdpn, etc,), and the 
stat$ of the local labour market have to be considered. 

t 

. Treatment. —The cost of washing sands is usually about 6rf., or 
perhaps rather more, per ton. The Vlditional handling and moving 
consequent upon washing, drying, or treating magnetically a sand or 
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cjuslted rock, raise the cost. considerably. Little washing is done 
in England, and where it is carried on, ordinary draining and air- 
drjdtng are generally considered suffioie#t. *The (question is, of 
course,' onR of cost; but washed deposits ought to be dried* before- 
bgigg put on rail or oil 'board ship, for'carriage should not%t paid 
upon water. Sands have the poyer of ittaining a considerable 
quantity of water, and their hygroscopic nature should be clearly 
recognized. When crushing, washing, and drying are carried on, 
the proximity and price of fuel supplies and the available water- 
supply arp important factors.. If the crushing, screening, Rtc., of 
purt? sandstones anc> quartzites ever becomes a paying proposition 
in this country, a considerable quantity of sav^naterials will be 
found occur in the older rocks, especially in Scotland and Ireland. 
At present, for all but tlfc best glass-ware, most of these are 
ruled out. If a.rock which has to) be trashed is to be worked 
successfully, it must be exceedingly g^od in chemical composition, 
and faisly accessible. 

Such djekirare at tinfcs of value for the alumina or the alumina < 
and potash, as well as the silica, which thtgv contain. If they are 
very hard, subsequent electromagnetic treatment is necessary, after 
crushing, to free the sand from particles of steel, etc., derived from 
•the crushers. The cost of electromagnetic separation is 6 d. or 
more per ton, according to local conditions. 

.Where sandstones and quartzites are disintegrating under atmo-, 
Spheric conditions, working may be carried out profitably, for the 
crushing, washing, and drying are done by natural means for 
the exploiter, and the deposit often needs screening only. If such 
deposits or other glass-sands are situated at a suitable elevation 
and water-power is available, the use of monitors to wash down 
the sand may he found advantageous. Gravity will then assist 
in transport, and the washing may well improve the quality of 
the product, both as regards mechanical composition and iron- 
edntent. 

The enormous glass-industry of the Middle Mississippi Basin is 
supplied by crushing the St. Peter’s SandshJne, which crops out in 
the States of Minnesota, .Wisconsin, Iowa, Illinois, Missouri, 
Arkansas, etc. It is blasted, crushed, screened, washgd^ and dried. 
The well-known Oriskany sandstone of West A'irginia (Berkeley 
Springs, etc.) is similarly treated (see Chapter XL). Certain pure 
quaftzites are, it is said, now being erurfied and treated in Sweden 
to provide the sand for the manufacture, of the well-known 
laboratory glass. Before 1914, Fontainebleau and Bippe sands -vrtjre 
imported for the purpose. 

Trcmspert .—Carriage by road is expensive, and aerial trqpsit, 
even for short distances and when aided by gravity, does not 
always appear to be satisfactory, besides being frequently costly.j 
Bailway freights .upon sand (as well as upon the finished article, 

f lftss) should be reduced so ift to permit the transportation of 
nglieh glaHs-sand over any distance, Glass-sands, being purer, 
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are unfortunately at present'subject to a more expensive rata-th|n 
ordinary sands. Candl-transport should replace rail-transport 
wherever possible id developing British sand-resouraes, and must 
be further revived and reorganized for this purpose, as too few of 
Our dfcj&sits are situated near the sea or large'rivers (see Plate I&.). 
'There is urgent need fdr the improvement, repairing, and widening 
of canals. With a decrease in the cost of transport, it may well 
be that the sand-merchant will find it possible to trait and 
improve his'sand (perhaps to dry as well as wash and screen it) 
beforo delivery, and thus more swceessfully compete wijffi foreign 
supplies. Co-operation between users and producers pught to' lead 
to increased demand, and therefore to more ectensive and cheaper 
exploitation. . „ 

The levying of greater import duties'- upon foreign sands may not 
be desirable, but it may have he considered. If British sands are 
to be exploit^ to any large extent, the question of the necessity 
for a revision of freights, leading to standardization and reduction 
, is urgent. It should be noted that certain ContjnBntii supplies 
of glass-sand are larger, more regular and persistent, and in part 
purer than deposits in our own country. 

Statistics .—The available figures relating to the imports and 
exports of sands are of the most meagre character. In the Home 
■ Office Returns of Minerals, etc. *, it is stated that the Production 
of Gravel and Sand in 1913 was 2,409,152 tons of value £184,818, 
and in 1914 was 2,498,872 tons of value £215,351. The value 
was therefore about Is. 6rf. to Is. 8 d. per ton. The production of 
sandstone in 1913 was 3,977,303 tons of value £1,143,431, and 
in 1914 was 3,404,528 tons of value £1,057,096. The value was 
therefore about 5s. 9 d. to 6s. per ton. In 1915 the output of sand 
and gravel was 2,350,267 tons of value £213,373 (Is. 10 d. per ton), 
and of sandstone, 2,520,856 tons of value £758,325 <(6s. per ton). 
No separate figures exist to indicate even what proportion of the 
total was occupied by sand, much less to show what was the 
separate production orffinilding-sf nds, glass-sands, moulding-sands, 
soap-making sands, filtration-sands, abrasive-sands, etc. 

For the following figures dealing with imports and exports of 
sands, the 4 writer is indebted to the Comptroller-General of the 
Department of CommerciSJ Intelligence of the Board of Trade. The 
total value of the exports qf Earth and Sand of British production 
during the five years, 1911 to* 1915 was as follows:— 


J 911. *£38,884 

1313 . 23,912 

1913 . 23,470 

1914 . 15,773 

1915 . 10,655 


1 Home Office : Mines & Quarries General Report: Part GI., Output for 
1915 (1917), and previous issues. 
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(Statement showing the Imports and Reexports of Sand into 
■ and from the United Kingdom id the ye*rs 1911-1915. 


* Total 

•r Imports. 

-:—n- .: 

of which from:— 
Belgium. gjFrance. 

»-r-j 

Tot& • 
Re-exports. 

11911 

. Tons 

223,095 

197,670 

25,554 

7 

! e ‘ 

£ 

85,322 

68,623 

1»,377 

15 *. 

1912 . 

Tons 

228,822 

197.187 

27,582 

8 


4! 

89,338 . 

#68,712 

18,399 

27 • 

1913 .. 

. Tons * 

273,352 

233,754 

35,157 

1 


, £ • 

103,095 

79,085 

j 20>,72* 

2 

19W .. 

. . Tons 

195,8*0 

150,945 

1 33,523 



£ 

80,645 , 

54,165 

19,173 

• 

1915 . 

.... Tons 

102,103 

35,0*3 

* 33,662 

1 537 i 


• ^ 

.£5,433 

• 20.239 

24.815 

* 741 

-W 

A 

i 





With the exception of a little special moulding-sand and furnace- 
sand, this imported material mat lie taken to he sand for glass¬ 
making purposes. The figures tell their own straw of war-conditions. 

General Remarks .—As a result of the chemical investigation 
which has been going forward while this geological enquiry has 
Been in hand, it has been found that a lower standard of purity 
than that hitherto admitted may lie permissible in glass-sands. 
Owing tp the paucity of chemists and works' laboratories in the 
glass-trade generally, little check has been kept upon other raw- 
materials, and these have frequently been found to be impure. It 
should be possible to obtain the latter in a high degree of purity, 
and if any latitude is permitted, it should certainly be in the sand, 
where freedom, from iron and casual impurities is more difficult to 
enlure than in' manufactured chemical products. The sand has 
often been suspected, while the manganese dioxide, red lead, lime¬ 
stone, or even felspar, have been responsible for the iron. On the 
other hand, by varying the composition of the glass, less pure sands 
may be used to produce excellent ware, of water-whiteirtss’and great 
brilliancy. The limit of iron oxide in sands for certain optical 
glasses mat’, according to professor Sir Herbert Jackson, even 
yeaeli 004* per cent. . 

The cost of chemical treatment "of sand* may, also not be 
prohibitive when the manufacture of optical glass is under con¬ 
sideration. 

While there are deposits in this country equal in quality to 
Fontainebleau safld, they do not appear to equal that deposit 
in extent and maintenance of sample. Our very pure and well- 
graded sands are of limited extent, but- w-e possess large supplies of 
i sand suitable for “flint-glasses, ®da-glasses, laboratory-ware, lamp- 
chimneys, globes, bottles, etc. Suitable sands for black and green 
bottle-work Ire common enough, and are widely distributed. The 
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price paid, for sands for common glass in many British areas r is f^r 
higher than it need be. r ■ G 

Gooi} crystal* ware ha?, been made from Aylesbury sand, and 
the application of this and oBier sands to, best glass-work is steadily 
growing. Selected samples might well be tried for certain optical 
glasses *. For such glass the .variation in cost of sand is small 
compared with the considerable cost of production. It has been 
said that the whole World’s trade' in optical glass would not yield a 
stockbroker’s profit. Before the war the production of optical 
glass probably did not amount to -more than sy few tons a year. 
The price of the sand is therefore not such" an acute question, 
and a highly desirable sand will be obtained at any reasonable price, 
even where transport is expensive. 

o /■» o 

Early in this Memoir it waw pointed out that sands suitable for 
glass-making band therefore carrying a high percentage of silica, 
or silica and alumina) were of great value to the steelrtounder 
for furnace-bottoms, soaking-pits, moulding-saints,“silica-bricks, 
crucible-making, etc. -We must note that the price paid for 
such sands by steel manufacturers and founders is usually well in 
advance of, and sometimes double as much as, that which the glass- 
maker is prepared to pay. Freedom from iron oxide or a vert- low 
percentage of it is not essential to the steel-maker; it is therefore 
desirable that the best silica-sands should, if possible, be retained 
for glass-making. Many deposits exist which are of great use as 
refractories, but are quite unsuitable for glass-making. 

Glass-manufacturers have been very fortunate in being able to , 
obtain from abroad large and constant supplies of their essential 
raw material, pure sand, at a comparatively low prjee. The con¬ 
stancy in grade and chemical composition has enabled them to go 
forward with very little alteration of batch, and with no apparent 
need for investigation and analysis. The future cannot be ignored. 
It must be understood that foreign deposits, in particular those 
of Fontainebleau, are not inexhaustible, nor is it likely that they 
will always arrive in this country so “cheaply or so true to sample 
in consignment after consignment as they did before 1914. The 
output of Fontainebleau sand might at any time be restricted for 
domestic reasons, or a tariff might be. put upon it. It therefore 
behoves glass-manufacturees to investigate the properties of their 
glass-sands anjl the* questions of suitability or unsuitability of 
British supplies. More skilled chemists must be employed in tfee 
works V investigate nfrt oply the finished products and the neces¬ 
sary mixtures for special glasses, hut also the chemical and 
mechanical composition of their raw materials, 1 including -sand. 
The discussion of the uses and nature of sands, and of the methods 

• While this Memoir has been in % press, excellent optical glass ha* 
aofaaUy been manufactured from a number of British aande, many less pure 
than Aylesbury eend. 
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o i study, together'with the requirements yf good glass-sands, have 
' bef# expanded in this Memoiu with thb view aiding glass-manu¬ 
facturers to Investigate sands for themStlves. Cllemical analysis 
• is familiar to all: Mechanical analysis can be carried with 
very little apparatus, which is also- such a^can generally be blowy 
in the works. Mineral analysis indicates the presence or absence 
of certain, objectionable minerals»in glass-making, and will enable 
the manufacturer to determine, within certain limits, whether his 
successive consignments come fronj the same bed or quarry. The 
las^metbod of work, for exdmftle. is sufficient to prove at the 
present timo wheth’er the consignments of sand, which may well 
'fury slightly in chetnical or mechanical constftifflon, are the same 
Belgia* or Dutch sand as that hitherto obtained. 

Our Colonial resources of sand, jArtiMavly with reference to 
moulding (gr, perhaps refractories generally) and»glass-making, 
ought tft be thoroughly investigated. If it becomes desirable that, 
•■for certain spiybal glasses, such as the valuable and important 
optical glass, the Empire should become self-supporting, it is 
highly probable that sands of sufficient purity and of suitable grade 
will be found in the Colonies, and may be shipped home, possibly 
‘as ballast. Such sands occur, among other places, in India, British 
Guiana, South Africa, and Victoria. The pulps obtained by crushing 
ijuortz-rock for extracting gold are often very pure; they accu¬ 
mulate in large quantities, but the remoteness of their location 
possibly rules them out. A revival of interest has recently 
taken pjace ill Indian glass-making. The Tertiary deposits of 
Northern India are of similar age and character to those of 
Western Europe, which contain such excellent glass-sands. India 
may, therefore, well be self-supporting in the matter of glass-ware, 
and, if desired, may provide the necessary pure sands for British 
optical glass-eaaking. This is one case among many, hut it serves to 
emphasize the desirability of further investigation and of closer union 
in industrial and scientific questions between the Colonies and the 
Mother country. 
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Table I.—British Glass-Sands : Ieon'-Content. 

t _ , 

With a few exceptions, confplete analyses were not made of the sahds 

mentioned below. 


c 

Percentage wights, as Fe 2 O v 


’age. 

<r 

« 

Page. 

• * 

<. 


Pre-Cambrian :— . 


1 r 

< ' , 
Jurassic *.— r 


81 

§Mucki8h Mountain, french 1 

•028 

90 

Brora o . «. 

•12 f 

81 

„ „ „ 2 

•022 

65 

k §Huttons Ambo, unwashed 

•13 ^ 

81 

» i, - 3 

•009 

65 

, „ „ wastted .. . . 

•03 

81 

„ * „ Bulk sample 

•02 




96 

' Westport, uncrushed ® 

■604 


Wealden 


96 

„ crush^iL No. 3 

•04 


Bexhill . .. 

■08 

93 

Port-a-cloy (a) 

1-82 

52 

§Fairlight, old pit r 

■02 

93 

t „ (6) 

•09 

52 

4 „ church f?t (bulk) .. . 

;D2 

98 

„ (c) . . 

•23 

52 

„ f „ „ another 

'•023 

. 

€ 


52 

selected . 

•002 


Carboniferous ':— 


54 

§Bulverhyth 

'04 

86 

§Caldwell, washed and screened . 

■08 

55 

§Ashurstwood (a) . .... 

•01 

91 

§Cookstown, red sand 

■04 

55 

(!>) . 

•015 

91 

,, washed 

•02 




92 

Coolkeeragh, unwashed 

■13 


Lower Greensand :— 


92 

„ washed 

•075 

58 

§Leighton Buzzard, unwashed 

•14. 

89 

§Glenboig, N.B. 

■27 

58 

„ „ washed .’. 

■09 

82 

§Guiseley, uncrushed 

•03 

56 

§Lynn (Boam), unwashed 

•19 

82 

„ crushed 

■09 1 

56 

„ „ double washed 

•04 


Londonderry .. . 

•11 

56 

„ (Gay & Wilson). 

•16 



r 

FeA 


« 


115 



•03, 


Eocene :— 



’ 



71 

Fordingbridge, A . 

■03 




•26 

71 

B . 

■02 

115 

„ „ B . 


FeO 

69 

Longdown, unwashed . 

•09 





69 


•06 

83 

§Mold, unwashed . 

•024 




83 


•020 




115 


•08 


Doubtful age : — 


115 

„ „ crushed .. . 

•12 

102 

§Ribden .,. 

•38 


Permian 



Glacial :— 


c 

Pontefract, treated .. 

•09 


§Bawtry, unwashed . 

•71 






, „ washed ., 

•08 


Trial: — 



64 

Rainford, unwashed... .V... 

■05 

76 


•?2 

64 


•03 

127 


■20 




127 

,, treated (ooarse) .. 

■03 1 


Shore-Sands :— © 


1«7 

1 i«rm\ * 

•048 

77 


•70 

&4 


•06 



1-23 

84 

„ e washed (another sample) 

•09 


>• * . 


74 


•51 

139 

India, 21/186 .< 

•08 

71 

„ washed (anal. J.H.D.) 

€ * 

•19 

135 

„ K/624 ... 

•24 


§ These sands are also of value for refractory purposes. 





















Table II.—Chemical Analyses of British Glass-SaSh^. 

* * 1 

* Percentage weights. . | 
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Table IV.—Chemical Analtbes op Felspar- Bearing Rocks (Pegmatites). 

^ Percentage weights. 
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Mechanical Analyses or British Glass-Sands ( continued ). 
. Percentage weights. 
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Mechanical Analtses of British Glass-Sands ( continued ). 
Percentage weights. 
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Tabus VII. —Mechanical Analyses of Eckopean Glass-Sanus. 
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Table VIII. —Analyses of Danish Glass-Sands 
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Fig. 3. -Ayiapbury Sand. Fig. 4.—Godstone Sand. 



Fig. 5.- Burythorpe Sand. Fig, 6. Crushed rock : Guiseley. 

Photomicrographs of GJass-S^ds (reflected litht). 

[All figures mag*ified^O diameters.] 



Fig. 1.—Huttons Ambo Sand, 
before being washed. 


•f^ig. 2 Huttons Ambo Sand# 
after being washed. 



Fig! 5. —Crushed Vein-Quartz, 8.—-Sand from King’s Lynn. 

Achiil Island (Quality 3). « # 

Photomicrographs'of Gfass-Sands (reflected light). 

* * ' f All fiarures magnified 21 diameters. I 
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Fig. 1.—Sand from Berkeley Springs, West Virginia, U.S A. 



Fig. 2.—Sand from Ottawa, Illinois (Wedron Silica Company), 
U.S.A. 


Photomicrographs of American Glass-Sands 
^(reflected ligh ' 




Sand-pits near King’s Lynn (worked by Messrs. Joseph Boam Ltd., for glass-making and refractory sands; 






Rikof’s lyiachine for tfie Washing of Sands 
(The ilrtiming-Cfno shown in Fig. 13, p. 123, is partly obscured by the staging 
anW* marked by a white eross.) 


















SKETCH- Showing the location of th£ chief bri.tish resour 
* GLASS-SANDS IN RELATION TO THE GLASS.-M A K I N G A R E*A S s 
COALFIELDS, RAILWAYS.ANO INTERNAL WATERWAYS. ’ 



cf £ana/s ir. 








SKETCH-NWf SHOWING THE.LOCATION OF THE CHIEF IRISH RESOURCES OF 
GLASSAsANDS'I!* RELATION TQ THE GLASS-MAKING ARfEASf / 
V COAU^ELDS, RAIL^aV.S, AND INTERNAL WATERWAYS. 

. »* f Professor P G H BOSVYELL 
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The depth of colour m the glass-making areas yieldt an indication of the 
charotter of the t/lcoss made, the greatest depth of colour representing 
the commonest form of glass-ware In the same way, the sand-producing 
are tinted m accordance with the sand produced the poJkst colour 
markirXj the highest quality material 
N B Glass was formerly made at Cork. Waterford. BaJIycastle & other place 
Belfast i Dublin are now the only seats of the industry 
















INDEX. 


Note. Descriptions of particular G#iss-Sands®etc. 5)ccur on pages 
s marked m black figures. 


Aberdeen, 17, 105. 4 

\bergele (Denbighshire), 70, 104. 

126, 141. 157, 104. 

\brasive Sands, 3, 47, 50, S I 07. 
Absorbent Sands. 5. • 

Accuracy of Elutnation, 27 
Xohill Island (Co. Mayo), 00, 128, 
145. See also Westpoit 
A^jid Treatment of Sands. 120. 
Agriculture, Irish Department of, 82. 
Agriculture, Sands used m. 2. 
Air-blast, 124. 

r\lderley Edge (Cheshire), 76, 141. 
142, 154, 102. 

Allahabad Class Works, 130, 157. 
Allothigenous minerals, 10. 

Adsop en le Dale (Derbyshire), 102. 
.Alum Bay, Isle of Wight. 72, 140, 
141, 145, 15%, 103. 

Afumma-bearmg Rocks, 1 1 30, 42. 

80. 08 00, 100, 127, 143, 158. 
Alumina, used in Glass-manufacture, 
10J. 

American (Mass-Sands, 34, 45, 48, 
120,134.135, 136,137,138, 100. 
170. 

Amlwch, Anglesey, 00. • 

Ammonia, Use of m Elutnation, 22. 
Analyses of raw materials, 152. 
Anglesey, 90, 155. 

Angularity of Sands 2, 3, 12. 4ft. 
Antrim Co., Sands from, 77, 90, 
165. 

Apethqrpe (Northants), 68, 143. 
Aplite, 100, 115, 12*0, 159. 

Apparatus required for Analysis, 

10, 21. 

Appin (Argyllshire),*95, 00, 129,.144^ 
155. 

Apted, A. B., §1. 


Areluean Rocks, 7?>, 143. See als^ 
IJro-Cambrian 

Ardara, Waghera (Co Donegal), 77, 
144, 154, 105. 

Aremg deposits, 141. 

Argyllshire, Quartzite from, 05, 00, 
129, 144, 155. 

Argyllshire, Pegmatites from, 114. 

Arkansas, U.S.A . 140. 

Arldow (Co. Wicklow). 07. 

Arkwright and liapaport, 81. 

Arnold. Joseph, 51, 58, 150. 

Arsenic, Use ol, 30, 42. 

Ashcroft. E. A.. Process for extrac¬ 
tion oi Potash, 118. 

Ashdown Sands, 35, 52, 54, 140, 141, 
142, 150, 102, 103. 

Aehfoid (Kent), 102. 

* Ashgvove Loch (Kilwinning), 87. 

Ashurstwood (Sussex). 55, 141, 154, 
J56, 162. 

Aughnm (t'o Wicklow), 113. 

Australia, Sands from, 130. 153, 
157. 

Authigenous mineral*, 10, 117, 135. 

Average Diameter of Grains, 27. 

Aylesifftry (Bucks), 12, 35,47,49, 50, 
5L 50, 119. 120, 140, HI, 142, 
152, i56, 163. 

Aylesford (Kent), 55, 62, 141,*142, 
156, 163. . 

Ayrshire, Sand from, 87. •• 

Badcall Pier (Sutherlftndshire), 110. 

Bajfshot Sand, 18, 35, 69, 71, 72, 73, 
140, 141, 154, 157, 163, 164. • 

Baked Clay added to batch, 99, 
108. 

Balgownie Links (Aberdeen), 17. 

N 2 



172 


INJJEW 


Ballinderry R. (Cookstown). 91. 
Ballycastlo (Co. Antrim). 77, ^#0, 144. 

' 145, 155, 1(51, 165. ( 

Ballyiuamis (Co. Wicklow), 113. 
Ballympney (Co. Antrim). 91. 
Ballyness (Co. Donegal), 82.« 
l&llyphetnsh (Tnoe). 1G5. 
Ballyshannon (Co. Donegal), 113. 
Baltimore U.S.A . 13P, 1ft.) 170. 
Bank-end Farm Kilwinning. 8C. 
Banbury. (59. 

Bardsev Island (Carnarvonshire), , 
Vein-quart'/ from 97. , 

Bannm Felspar (Celnan), 11<* 
Barnsley Glass-Works. 40 124. 132, 
146. 16(5, 167. 

Barton Sands. 70. Ill < 

Barytes, Cementing Sand-tone 36, 
143 , 

• Batcli ’ for Glusjs-makmg, 35. 
Dawsey S.dmg near Lynn, 58 
Bawtry (Yoikslnre) 154 « 

Bearsted (Kent) 63, 111. 1*56 163. 
Bebington {Cheslme) 85. 
Bedfordshire, Sands from 1 41. 58 
141. See also Leighton Buz/ard 
Benin Coannabomne Durness, 110 
Belfast Bottle-making at 85 92 

• 146 

Belfast Lough, 1 57. 

Belfast Collin Glen. 117, 159. 

4 Belgian lied” Moulding-Sand 29. 
3" 

Belg.au Glass-SaiuL 31 11 16. 19 
,V> 51 56 67. 126. 132, 1 17 153, 
16(5 167 168. 

Bolleek (Co Fermanagh). Ill, 112 
113, 114. 160. 

Bolleek P. ittei >.111 114. 1 on 
Belmullet (Co. Mayo) 114, 160 
Berkeley Sand Co (W Va ) 1?7, 
169 170. 

Berkelev Springs (W Va >. 18,137. 
149, 169 1*70. 

Berkshire SandV’o., Cheshire, Mass. 

136, 169, DM. t « 

Bexhill (Sussex), 54. 154, 1(52. 

Birkenhead 86 c 

Birmingham. Glass-making at, £2, 
14L, 146. 

Birmingham Public Library, 33 
BirmmjJLam Moulding-Sand 30^ 
Bischof C , 33. 

44 Bliekfoot ” Moulding-Sand, 73. 
Blackgang Chine (Isle of Wight), ^41, 
163. 

*Blackheath (Oldhaven) Beds 1(54, 
Blake Moor (Derbyshire), 102. 
Blatherwyke (Northknts), 68, 143. 

44 Blowmg-ont ” of fine material. 45. 


Blown-Sands*, 17, 32 44f 77Vl41,t> 
1 65. , ’ ■ \ 

Blyth (Northumberland L 1(h). •/ «> 

iioam, Josepli Lttik, 56, 154t*lQ3/ r 

• Bodmin (Cornw.aCl), 107. \ .' 

Bohemian Glass, 35, 48, > 1 

Bolas. T., f 33 

c Bottle-Glass, 35, 42, 43, J*8, 56, 64, 

*■ 60, 68. 73, 75, 76. 85, 89, 92, 99, 

116. 142, 143. 146. 

Bovey Beds, 31 101, 103. 
‘Brandenburg. Saudtfrom. 36. t 
Brandord (Sulfdlk), Glauconite from, 

nr, ir.:i. , 

Brandy Gill Gianopbvre fiomf 106, 

158 * ‘ ( 

Biassmgton (Derbyshire), 98, lO^, 

157 31>4. 

Braunkohle associated with Glass- 
Sands. 1*3(1. 1 10 ‘ t 

Brick addul to hatch, 98 
Brick-makmg, Sand* tor 4 29 
Bridgwatei Buck .idd<*d to hatch, 98. 

158 

BudpniHDoisoD 15, 1 43. 

Bneiley Hill (Staffs) Glass-making 

at lV>. 

Bnsfol. Glass-making at, 71. 1 46. 
Bntish Guiana Sand- from, 153. ♦ 
British Sand- suitable foi Glass- 
making 19 

British Silica and Minerals Co. Ltd 
91 

Bioekenhuist (Hants). 73, 163. 
Bromlei (Kent) 32. 1(51 
Bromofoim, Use of, m separating 
minerals 16 

Brora. N B 90, 114, L> 4 
Buekingham-hire, Sands from, 49, Jjl, 
Ml, 156, 163 

Building-Sand. 4 56. 58. 60 

* Biilverhvth (Sussex). 52 54, 141, 

154 162 

Bunter Sands, 74, 103, 1 ll, 142, 154. 
162. 

Burleigh (Northants). 1 43. 

Burning of Sands, 125. 

Burn*. J., 92. 

Burythorpe (Yorkshire). 32. 45, 49, 
67,(58 141.156, 162. 

Buxton (Derbyshire), limestone fronfl 
36. 


Calcareous Sands, 2, 42. 

Calcderous Sandstone, 91, 144, 145, 
154, 155, 161. t 
Calotte m Sands, 42. 

Caldwell, N.B., 86, 144, 154, 155, 
161. 4 « 
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Caldwell Ijand Co. Ltd., 86. 
Callftvian"Sai| | d, 32* See also Bury- 
,t3ior gj • , 

TJaifnas 

Oawbfcijm‘Roeks/i3 L 136, 144, 169, 
179.* %- 

CaiupAe (Balgiuyi), Sand ^rom 132. 
Canal-transport, 1 1(5, 150. 

“ Candle ‘Clays.' 101. • 

antm* Lectures on Optical Glass,* 
49. 

arhonaceous matter associated with * 
♦Sands* J1, 51» .'72, 90, 101. lo* , 
130*140 , * 

arbomferous Limostime, 3,83.101, 

1-1J. 

arbomferous Limestone, Hollows m 
surface. 102, 101. 
arbomferous Limestone Senes 
(Scotland^, 86, 87. # % 

arboiTtferoiis Sandstones, 77. 82 855, 
81, 86, 87. 88, 89, 9*1, 91, 101, 
134. 133. 14ft, 144, 1 15, 1$1, 135, 
161. 

Arbomferous S 4 \ stem alumina- 
bearing 1 Sands lioin, 98 * 
'arborunduni, Sands for making, 

3. 

'ardigauslnre Rocks from. 97, 161. 
'arnarvonshire, Roeks from 97 
'arsington Pastures (Pci by shire), 
102,164. 

'astlecaldwell (Co Fenuanagh), 111. 
'astletreke (Coik), 78. 

!astle Howard (Yorkshire), 66. 

!aswtck (Noithants). 1 13. 

Uteiham (Suirey), 60. 
felsian (Barium Felspai), 110. 

•enient, Sands for. 4. 

'eluents ol Sandstones, 11. 

'eratme Society (American), 34 
Jeramie, Society (English), 33, 31 
'hanipagne. Sands from, 33. 

'Ifance’s Quarry (Leighton Buzz.ud), 
58. 

! flannel Islands, Glauconite from, 
117. 

Uiapel Combe (Cornwall), 101. 
iiarlton (Kent), 29, 45, 50. 73, 98, 
141, 156, 164. 

'holtonham, 143. # 

.'hemieal Analyses, 121, 154. 155, 
156, 166, 168, 169. 

Chemical Composition of Glass-Sands, 
4V. 

Chemical research on Glass,^ 142, 
151. 

Chemical Waro, ^5, 100, 145. 

’herry Garden (AshurstwoodJ. 5.* 
'heshiro, ]\Jass?, 136, 169, 170. 


Cheshire, Sands from, 45, 84* 111, 
142. See also Spital. 

ChestePfieltj Canal. 75. 

China-clay,.^. 98, 100, 101, 107. * 

China-clay, Felspar and Silioa Cq., 
Ltd , 93.* 

China- (tone, 114, 115, '128, 154, 
159. ■) 

Classification of Grades, 13. 
Clayeasti(* Youghal, 78. * 

Clayfrmdo, 9. 11, 100, 124, 

Cliff-End, Wmohelsea, 53. 

Clonakilty (Co Cork), 151.' 

('luf, R., 91. 

Clynelemlj^Quawry. Brora, 90 
Coalisland L. Neagh, 77, 144, 165. 
Coal-Measure Sandstones, 12, 79, 82, 
91 # U0 1 H, 155, 161. * 
u Coai so Micas 100, 159. 

(.outing on Sand-gjams, 11. 17. 
Colcenow (Cornwall), 159. 

Cole Prof G A 3. 113. 
kWerame, 93 

Collin ftlen, neat Belfast, Glaneomte 
fiom. 117. 1 ,»9. 

Colonial Sands 139. 110, 154 -57, 
165. « 

Coloming of Claws, 37. 

Colour of Glass-Sands 119. 
Columhkilie ((.'o. Donegal) 112, LfiO. 

('ombnstion-tuhiiig, 35. 

Composition ol Sands, 1 J). 

Concrete, Sands foi, 4' 58. 

Oonnemaia Quart-ite, 155. 

Continental Glass-Sands, 39,130.147, 

119, 150 1(,0, 106. 167. 

Continental Glauconites. 117. 

Conway. 104. 

Cook stow ii (Co Tyrone), 91, 145, 
151, 155 161 ‘ # 

Coolkeeragh (Co Londonderry), 92, 
• 121. 143, 151. 155. 161. 

Corallian Sands. 4, 90, 143. 

Corby (Noitliants), 68, 141, 162. 

‘ Cordy " Glass Caus$ of, 38. 
Core-Sands, 5 * 

Cqj’k Co , Sands fro/h, 78, 1 15. 

Cork Exhibition (1902), 82. 

“ Cornish Red ” Moulding-Sand. 29. 
•Cornwall.* Rocks from, 5. 9,29, 32. 

100, nil, 107.113, 151, 151*, 1 GO. 
Cost of foreign SandH 147. 

Oojteswold Sands 32, 45ft43. 

Cowie, N.B., 89. 

Crank (Lancs), 64, # lld, 142. * 
k’reechbarrow (Dorset), 73. 
Cretaceous Deposits, 3, 4, 9, 31. 141. 

(Sec also Greensands and Wealdin.) 
Croagh More (Co. Fermanagh), 112. 
Crofthead, N.*B.. 88. 
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Crook’s Elutriator, 21, 22, 25. 

Crook, T., on Sands, 17. # 

Crucible-making, Sands for, 5. 
Crushing of Rocks, 48,T9, 128. 
.Crushing* Strengths. 86, 95, 128, 
129., <r 

Cryolite. §6. r * 

‘•Crystal” Ware, 37. 48, 128. 145, 
152. •, 

Culbm (5iairn), 1G5. c * 

Culm Shales (Carboniferous), 115. 
Curracl^e. Rosslare. 77, 165. ‘ 

‘ Cut-glass,” 37. 47. 48, 128, 137,« 
H5. 152. ( 


Dalradiay Rocks, 77, 81, 93, 95. 

Danish Glass-Sands. 34, 45. ltfS. 

Dartmoor. Alumina - bearing Sa/ids 
near, 9, 101. # 

Dartmoor Granite. 9 101. 115. 

(Davidson, J. H.. 75. 91. 

Deeolorisers of Glass, 37. 12. ‘ 

Decorative Ware. 145. 

Denbighshire, Sand-tone from, 104, 
141. 164. 

Dentord (Nortliants) 68, 1 41, 143, 
1511. 162. 

Denmaik Geological Survey, 28 34 
*168. 

Deposition of Sand,-. 8 

Deposits carrying Alumina and 
Silica, 98. 

Depo.-its in Nortli Wales. 104. 

Derby Glass-works, 40, 85, 145. 166, 
167. 

Derbyshire Sands and Rocks from, 
5, 36, 85 102, 141. 144. 157, 

164. 

Derrylogan (Co. Donegal). 113, 
160. 

Derryrona (Co. Fermanagh), 111, 
160. 

Desert-Sands, 12. 

'Detntal Mmaral|, 10. 43. 

Devon. Kaolin from. 100. 

Devon, Refractory Sands from**, 32, 

101 . 

Devon, Aplite from, 115, 159, 164. 

Devonian Rocks, 143. * * 

*’ Devonshire Hard Purple Stone,” 
115. 

DiatomifV, 5. • 

Dinas bricks, 38. 

Distribution of« Glass - making in 
British Isles, 145. • 

Dog-Trap Gully, Victoria (Australia), 

° 139,157, 165. 

Dominant Diameter,,” 28. 

Donegal, Pegmatites from, 114, 160. 
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113, 154/155; leO^lGD.ieS. 

Dooey (Co. Donegal),' y .« 

-Doolough (Co*. Jfttyo)f 114, 160.,'. 
Dorenf.ruy (Sa/onj), 130* "t * • 
''Dorset, Sands’from, 45, G8\73,^140 C 
143. c . • 

Down, Co., Sands from, 165. 

Dowme, W. Macalpine, 95.’ 

Downton (Hants), 72. 

Dralle, R., 33, 35. 

(Drift-saiul, 77 1 See also Glacial 
Deposits. „ . 

Drying of Sands, 120, #124. 

Dry-screening of Sands, 125. 

Dublin, Glass-making at, It, 85, 
14l*> * 

Dublin Co , Sand from, 77, 165. 
Dudley, Glass-imfkmg at, 145. 116 
cDune-Sanils, <>, 17, 43^ 4 4, # 49, 76, 
142, 144. 

Dunfanagliy (Co. Donegal), 82. 

Dm ness (Sutheilandslnre), 109, 110, 
160. 

Dutch (i)a.-s-Sand- 4 1. 4!*. 50, 126, 
133. 1 17 153, 166 167. 


Eaglescliftc • Sand,’ 99, 12,7, 154. 

156. 162. C 

East Anglian Sands. 2. 

East Gruistead (Sussex) 55. 

Ea.-t Hoathly, 162 

East Mill- Fording bridge, 72. 

East Wickham (Kent), 164 
Ebbw Vale Steel Co., 68. 

Economic Considerations, 41, 147. 
Edinburgh, Glass-making at, 89, 145, 
146. « 

Edinburgh and Leith Glass-Work's, 
40, 133 166, 167. 

“ Effective size ” of Sands, 28. 

1 Egg-timers or ' egg-boilers,” Solids 
for, 4, 146. • 

Eigg, N.B., 77. 165. 

Electric Globes, 37, 42, 142, 146. 
Electromagnetic treatment of Sands, 
etc., 17, 80, 128, 149. 

Ellworthy, T. W., 54. 

Elutriation, 20, 43. 

Elutrmtors, 21. 

English Glass-Sands, 43, 141. 

English Ceramic Society, 33, 34. 
Eocene Deposits, 3, 29, 31, 4J3, 69, 
71, 72, 73, 14l, 142, 154, 156, 
V53. 

Eriboll (Sutherlandshire), 109. 
Erith t Mouldmg-Si»nd, 29, 30, 73. 
Htris Head (Co. Mayo), 114, 160. 
Estuarine Series, 68, 14<$>, 141, 143. 
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Etching ol Glass, 47. 

Etruria (Staffs*, 160: *.* 

E*r.opev* G^s^-Sanda, 39* 130, 132, 

. £33,. 134. 156, lf§, T6'7, 168. • . 

Everett,*^. D. aria A!, 33,^6.* • 
Examination of Sahds under tlie* 
microscope, 17* « 

Exportation of Sands, 73, 150. 
Extractiort of Potash from Silicates, J 
118. 


Faf-ing.Sands, 5. . 1 

Faen0 (Denmark), 108 
Fairhght (Sussex), 44^ 52, 54, 141, 
15* 156, 103. 

Fauldhouse, N.B., 88. * 

Felsitcs, 100, 158. 

Felspar, 9, 17, 35,110, 42, 43, 50,100, 

107.* • • • 

Felspar - bearing Kooks, 107, 108. 
100, lio, ljl, 112, *113, 114, 
100 . 

Felspar used in Glass-malang, 100. 
Fenner, On behaviour of Si^ca, 80. 
Fermanagh. Kooks from Go., 111,112, 
113, 100. 

Fertilizing, Sands for 3, 117, 150. 
Fettke, On American Glass-Sands, 
34. 

Fettling Furnaces with Sands, 5, 7. 
Filtration-Sands, 5, 58, 05, 130. 

1 Fining ” of glass, 38, 128 
Fintown (Co. Donegal), 114. 
Fire-bricks, 38. 

Fire-bricks, Sands for, 5. 

Fire-clay, 38. 

Firth ol Forth, Glass-making near, 
140. • • 

* Flashing." 37. 

Flint-glass, 7, 35, 48, 142, 140. 
Flintshire, Sandstone from, 83, 104, 
1^1, 104. * 

Flitwick i Bedfordshire), 59, 150, 
103. 

Fluorspar, 30. 

Folkestone, 159. 

Folkestone Beds, 00, 01, 62, o3, 156, 
163. 

Fontainebleau Sand, 12, 32, 35, 39, 
40, 42, 44, 46, 47, 48, 50*53. 56, 
60, 61, 67, 120, 132,140, 147, 149, 
ftl, 152, 166, 107. 

Fordjpgbridge (Hants), 71, 141, 154, 
157. 

Foreign Glass-Sands, 34, 50, *130, 
166, 167, 109, 170. 

Forest Kow (Sussex), 55. 

Form of Sand-grams, 12. • 

Formation qf Saftds, 8. 


Formulas in Glass-making, 34. • 
Foundrv-Sand, 5, 56, 58. 

&>x, RGB. £olton, 68. 

F*x Cover I^t, Burythorpe, 67. 

Foxhall (Suffolk), 13, 32. * • 

Fox Roy an# Co. Ltd. (Meldoy Rock), 
*115.# * 

Foyle, River, Sand from, 92, 144. • 
France, Sant^ from. See Fontaine¬ 
bleau.** • 3 

Fraze# and osiers, Extraction of 
Potash from Felspar, 118 4 
Friction-Sands, 3. 

Fnd#n (Derbyshire), 102. 

Fuel, Con^umflbion of, in Glass¬ 
making, 145, 146. 

Furnace-Sands, 5, 56, 66 91, 144. 
Furn^pes for Glass-making, 37, 38. 

• 

• 

“ Ganiustor,” 82, S*5. 96, 102. 

Gar side, G , 58, 156, 163. • 

Gifrvary Wood (Co. Fermanagh), 112, 

160 . * 

Gatoshoad, Glass-making at, 146 
Gauge-glasses, 146. 

Gay and Wilson, 58, 154, 163. * 

Gay ton (Norfolk), 56. 

Geological Survey of Denmark, 28 
34,168. » « 

Geological Survey of Great Britain, 
35, 100, 101, 100, 110, 115, 118 
160. 

Geological Survey of India, 130 
157. 

Goological Survey of Ireland, 111 
113. 

Geological Survey, U.S.A., 28, 34, 46, 
47, 118. 13 4, 169. 

Gorman Glass-Sands, 35, 49, 130,• 
166, 167, 168. 

Gerner fy, 33. 

Gilbert, E., 73. 

Glacial Deposits, 3, 4, 29, 58, 04. 

126, 140, 141, 142, 154, 157, 165. • 
Glasgow, Glass - taking at, 145 

uj). V ' 

Glasgow, Sandstones from, 86, 87, 
*43. • 

Glass-malflng, Distribution of, 145. 
Glass-manufacture, Process off 33. 
Glass-Sanu, Ideal, 31, 48. 

Gla#s Technology, Department of 
University, Sheffield, 75, 94. 

Glass Technology, gociety of, $3, 3^ 

. 134. 

Glauconitic Sands, 3, 57, 117, 118, 
159. 

Glaze, Sands used for, 4. 

Glenbeigh (Keiry), 78. 
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Glenboig, N.B., 38, 89, 144, 154, 
ioi. 

Glenties (Co. Donegal), 114. 4 
Grobb, Ballycastle, 90. * 

fiodstone (Surrey), 49, 50, 60, 61, 03, 

’ 67, 126, 141, 142, 156 v 163. 

Goodwyu aid Sons, 60. % 

Grade-sizes, 13. 

Grading of Sands. 2, 8, 43. 

‘iranham^ Moor QuaA-ie^ Pontes- 
bury, 95. v 

Granite, 5, 100, 106, 108, 115, 129, * 
159. * 

Granophyre, 106. 158. 

Graphical cxpiessioi}. of Mechanical 
Amiljjwh, 3S * 

Gravel. 9, 13. 

Great HaRlon Hills (Devon). 31. 
Greensands, 3, 4, 57, 117, 11* 159. 
See also Upper Greensand ahd 
Lower Greensand 
Grejs Dal (Denmark), 168. 

Greis Mpllo (Denmark), 168. % 

Gridin Mine, Ballycastle, 90.< 

Grinding of Glass. 47, 59. 

Grinding of Glass-Sands, 47. 

, Guiselcy (Yorkshire), 79, 80, 82,141, 
154, 155. 

Guiselcy Gann inter Co , 82. 

Gweebarra (Co. Donegal), 114, 160. 


Hailes, N.B., 89. 111. 

Halkyn Mountain (Flintshire), 104. 
Hampshire, Sands from, 69, 71, 72, 
73. 141, 142, 154, 156, 157, 163, 
164. 

Harborough Rocks (Derbyshire), 

102 . 

Harris, Gregory, 58, 163. 

*■ Hartlepool (Durham), 165. 

Hartwell siding, near Aylesbury, 5^ 
Hasketon (Sufioik). 29. 30. * 

Hastie, A. H.. 55. 

fastings Sands, 52, 51, 141. See 
also Ashdown aftd Tunbridge Wells 
Sands. • 4 

Hatherleigb (Devon), 101. * 

Hazen on Grade-size, 28. , 

Headon Hill Sands, 72, 14®, 141,156, 
163*164. * 

Heathfield (Devon), 101. 

Heavy Liquids, 16. * 

Heavy Minerals in Sands, 9, 10, 16. 

u. v -i 

Heckie, Alton anil Kerr (Ballycastle), 
90. 


Higharn (Kent), Glass-n^ikii^g at, 

Higher Bcjungton (Cheshire), 85. t 
High Peak (Derbyshire), 1&2, 15 ft 
' 164. *\ • •*. ♦ / 

High Silica Sandfi Co., 65. 1 ■ 

Hohenbocka (Prussia),, 12, &5, '41,' 
130, 140. 

* Hohlbaum R., 33. 

Holland, Sands from, 34. * 

Hollmgbourne (Kent), 63, 141, 142, 
156, 163. 

Holyhead Moun’caih (Anglesey), 06, 
100, 101, 129,‘155. , 

Hour-glasses, i’ands for, 3. 

Hovestadt on Jena Glass, 33, 3$. 
Howe,.J Allen, 100, 102. « 

Huttons Amho (Yorkshire), 49, 65, 
98, 99, 121. 143 v 154, 156, 162. 
Hvidbjerg (Denmark), 1(,<8. 
Hydrochloric acid for cleaning 
Sands, 1V6. 


Ideal Glass-Sand, 31, 48. 

Ideal Mofllding-Sand, 31. 

Ignition of Sands, 125. 
lllmg, V C 125 

Illinois, U.S.A., 135, 136, 149. 169. 

170. * . 

Ilmenite in Sands, 43, 65. 

Importance of Sand m Glass-making. 
35, 45 

Importation of Sands, 34, 147, 150, 
151. 

Impurities in Sands, 11, 151. 

Inchard, Loch (Sntherlandshire), 
109. 

Inclinadamff (Sutherlanflshire). 155. 
Indian Sands, 139, 153, 154, 15?, 
165. 

Interior Oolite, 18, 45, 65, 68, 69, 

. 140, 141. 1 42, 143, 156, 162. 
Institute of Chemical Gla^s-foriuftl®, 
31, 

Institute of Chemistry, 34. 

Institution of Mining and Metallurgy; 

Screens, 19. 

Iowa, U.S.A., 149. 

Ipswich, 29, 30. 

Ireland, Pegmatites from. Ill, 112, 
113 , Go. » 

Ireland. Sands from. 43, 77, 90,*91, 
92, 93, 97, 134, 144, 155, 157, 158, 
159, 161,165. - 

Irish Glass Industry, Ancient, 145. 
Irisl! Industrial Minerals Co. Ltd., 


Ihematite coating Sand-grams, 11,41, 96. 4 

119, 125. lrpn-bearing Minerals, 10, 110, 

Henrivaux, J., 33. 6 
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Iron.,, Impurity due to crushing, 8j3, 
* 9'd. o i • •; 

I^pn, Impurity m Glass, 37. 

(r</n, Impurity in^ag’ents, 15. 

Iron oxide' in SaAcD, 10, 11; 14, 37, 
, J19,,'151, 154. * 

Iron-p&rcontage in Glass-^ands, 41, 
42, 48. 

Islay, N.B., 95, 144, 165. 

Isle of^hgg, 77. 

Isle of Jura, 70, 77, 95, 114, 157, 
105. 

l«ie of Wight Sdndft, 34, 70, 72, 73, 
140, 141,i 142, 145, 150, 103, 
164.. 

«* 

Jackson, Sir Herbert, 151. 

Jena Glass, 33, 3.7: 

Jenkmson, S. N., 10. I# , 

Jet-holes, Size of, for Elutriators. 
25 > 

Jubbnlporc, In<fia, 139, 157 105. 

Jimiata White Sand Co., Baltimore, 
Md , 138, 109, 170. ^ 

Jura, N.B., 70, 77, 95,*144, 157, 
105. 

Jurassic Deposit.-*, 05, 07, 08, 140, 
143, 151, 150. 
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Kaolin, 30, 100, 110. 

Kaolm-boanng Sands, 5, 9, 32, 46, 
85, 93, 91. 

Keilhack K., on Elutnation, 23. 
Kelloway Beds, 32, 45, 50, 00, 07, 08, 
141, 143, 150, 102. 

Kent, Sands from, 29, 32, 45, 02, 03, 
73, 71, 14*, 112, 150, 103, 104, . 

Kentallen (Argyllshire), 95. 

Kormek (Cornwall), 108. 160. 

Kerry Co , Sands from, 78. 

Keuper Marls, 4. 103. • 

Keuper Sandstone, 76, 85, 111, 142, 
156, 102. 

Kieselguhr, 5. 

Kilbarnck, Sutton (Dublin), 77. 
Kildownet (Achill Island), 97*. 

Kilkee (Kerry), 78. 

Killieerankic, N.B., 144. 

Kilwinning, N.B., 87, 14^, 155, 

101 . 

Kiflaban, G. H., 77, 113. 

Km^seavil, N.B., 89, 144. 

King’s Lynn (sed Lynn). 

Kings Moss (Lancs), 04. # 

Klondike, Mo., 169. 

Knottmgley Glag*,-Works, 132, 133, 
166, 167. * - 

Kynance C^pe (Cornwall), 29, 30. 


Laboratory-ware, 35, 37, 42, 57, 59, 
61, ^,00, 142, 145. 

Laggas Bi*j, Islay, 165. 

Laig Bay. Digg, 77, 165. 

Lancashire Sands, 3, 64, 121, 140, 
141. 142?157, 165. . 

Larkh.$l (Co. Formanagh), 112. 

Larsen, On Behaviour of Silica, 80'. 

Laxford Loo 1 ,! (Sutherlandshire), 109. 

110 , 100 . * 

Learning (Yorkshire), 162. 

Lee, Cecil, 71. , 

Leeds, Glass-making at, 146. 

Leeds Public Library, 33. 

Leighton ^u'/.zitrd (Bedfordshire), 44, 
17, 50, 58, 01, 07, 119, 121, 127, 
140, 141, 151, 150,103., 

Lem^o (Westphalia), 35. 

If] isos, 140. 

Lennantoff, W., 35. 

Levcnscat N.B. *68, 98, 111, 155, 

101 . 

lJl‘wisiaii Gneiss, 109. 

Lighting Glass, 37, 42, 57, 119, 112, 
140. 

Lignites associated with Glass-Sands 
52.132,110. 

Limerick, 115. 

Limestone m Glass-making, 30. 

Limomte coating on Sand-grams,-11 
11, 45, 119, 125 

Lunpsfield (Surrey), 00 

Linlithgowshire, Sand from, 89. 

Lincolnshire, Sand from, 105. 

Lippe Sand, 12, 27, 48. 49. 50, 130, 
110. 119, 100, 107. 

Literature on Glass-Sands, 33. 

Little Haldon Hills (Devon), 31. 

Llandudno, 104. 

Llevn Peninsula, Vein-quartz from* 
97. 

tioeatioii of British Glass-Sands. 
140 

Lochcraigs Farm, Kilwinning, 87. 

London. Glast-makmg- m, 52, 54, Go, 
73. 82, 145, 140. 

London Basin, Sands of, 73. 

London Clay, 4, 29. 

LAidonderry, 92, 112, 154? 

*Longeliff<? (Derbyshire), 102, 144, 
104. 

Longdown (Hants), 69, 141, 154, 
1,57. 

Lower Estuarine Sands, 162. See 
also Corby. „ * 

Lower Greensand, 3, 4, 49, 50, 51, 
56, 58, 59, 60, 61, 02, 63, 119, 
120, 141, 142, 144, 154, 156, 16S. 

Lower Kildretjs, Cookstown, 91. 

Lower Oolites, 05, 68. J41. 
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Luxullian (Cornwall), 160. < 
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Lymingto^ (Hants), 73,VL64. ' 4 

Lynn (Norfolk), 27, 30, 35, 44, 47, 
49, 5€, ^6, 67, 141, l42, 145, 154, 
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Lyon, T. H., and Partner, 68. 


Macrihamsh Bay (Argyllshire) ,'l65. 
Magliera,* Ardara (Co. Donegal), 77, 
154, 165. 

Magnetic separation^ 17, 97. 4 

Magnetic treatment of SafLds, 17, 80, 
127, 128, 148. 

Maiden Bsadley (Wilts), 159. 
Maintenon (France), 35. ^ 

Malton (Yoikshire), 45, 50, 65, 67^- 
Manchester, Gla^s-makmg at. 76, 
145. 146, 167. • 

Manchester Public Library, 33. 
Manganese dioxide. Use of^ for de¬ 
colorising, 37, 42 
Marson P.. 33. 

Martinroda (Saxony), 36. 

Maryland. U.S.A., Sand from, 138, 

169. 170. 

Massachusetts, Sand from, 136, 169 

170 . 

Maw, George, 102. 

Mayo, Bocks from, 93, 96, 114, 
160. 

Mechanical Analyses, 18, 121, 161, 
167, 168, 169, 170. 

Mechanical Composition of Glass- 
Sands, 43. 

Medical apparatus, 146. 

Medway, R., 63. 

Meldon Rock, 115, 128, 129, 154, 
159, 161. 

Memoirs, Geological Survey* of GrefLt 
Britain, 35, 36. 52, 61, 63, 64, 
70. 

Jersey, R.. 4?. 6^. 
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Pirrit, W. F., 86. 

^Pittsburg Plate Glass Co., Montana, 
169. 

Peaty matter in Sands, 51, 64, 69, 71, 
14QL ^ 
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• Portland Cement, Sands for, 4 
Portland Sands^143. 

Portrusb (•<). Antrim) 144, 165. 
Potash extraction from Silicate-, 

118 

Potarff Felspar*. 36, 42, 107. 

P(«tash - bearing Bocks, 106. 158. 
160. • 

Potash-bearing Safi d- 3, 116 
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Refractory Sands, 3, 5^ 51, 52* 55. 56, - 
58, 60', 61. 62, 63, 65, 73, 74, 81.- 
82. 83 84 85. 86. 88. 90, .H, 95 
101.102. 120 128. 152, 154, 155. 
156,161-167. 

Regenerative Furnaces. 38. 

Reid. Hugh, 89. 11 
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VictorW(A^tralia), Sand from. 139, 
" 153. 157; 16£.- ' f 




Waew \Fh^tshi(f0,( 

• Wagon, S., 62. \ 

Walker, 14. A.. 85., a . 

Walsall. Glass-making at, 145. 
Wansford (Northants), 68,* 143. 
-WtW'eham (Dorset), 73. f 
Warrington. 64,* 145. ( 
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22 . 


Wateriord Glass, 82, 145. 

Waterford w Rocks fron^, 78, 106, 
158. 

“ Water-gk-ss,” Sands for, 3. 

Water-supply, Sands' used for, 5. 
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